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THE FRONTIER OF MODERN PHYSICS. 


By H. Crew, Associate PROFESSOR, 
New York UNIVERSITY. 


“Tf circumstances lead me, I will find 
Where truth is hid, though it were hid indeed | 
Within the center.”—Hamlet: II, 2. 


Professor Crew of New York University has just returned to 
this country from a sabbatical year of leave spent at the Cavendish 
Laboratory of Cambridge University in England. In a readable 
and up-to-date article, written primarily to intrigue the interest of 
his former colleagues in the Naval Service, he takes them to the 
battlefront of modern physical research in the heart: of the atom. 
Though he uses analogues and ideas familiar to naval engineers 
to illustrate his points, it is a bit staggering to prosaic and matter- 
of-fact engineers to turn from the normal contemplation of boilers, 
engines, and pumps, long enough to consider how these modern 
laboratory explorers are extending the limits of the field of en- 
gineering knowledge far out to the stars above—and just as far 
in to the infinitesimal. 
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“A Dynamical Theory of the Electromagnetic Field” is the 
title of a paper written nearly three-quarters of a century ago by 
Clerk Maxwell, Professor of Experimental Physics at Cambridge 
University. This profound and comprehensive theory, set forth in 
the magnificent simplicity of four mathematical equations, would, 
at the time of its publication in 1864, hardly have been considered 
subject matter pertinent to the naval profession. Yet it is now 
common knowledge that this electromagnetic theory of Maxwell 
inspired and guided the experiments of Heinrich Hertz in 1887 
which, through skillful application by Marconi and De Forest, intro- 
duced the art of wireless telegraphy and telephony. Thus this 
obscure research of Maxwell, it now appears, was the birth-cry of 
radio communication—one of the most essential branches of modern 
naval science. 

The basic, or fundamental ideas upon which are built important 
engineering projects, almost invariably owe their origin to re- 
searches carried out in the interest of non-technical science; and in 
the field of physics, in the last three hundred years, many of the 
contributions to knowledge have found highly important applica- 
tions in the art of modern warfare. It is, therefore, not unreason- 
able to suppose that some of the current discoveries in experimental 
physics may, in years to come, supply to naval science and engineer- 
ing still other important and basic ideas. 

It is with this in mind that I venture to describe, in an elementary 
manner, the nature of the work now being done along the frontier 
of physical research and to answer a few simple questions in regard 
to the present conception of the structure of matter. Let it be 
perfectly clear, however, that I do not propose to assume the well 
patched toga of the unscrupulous newspaper reporter by attempting 
to forecast future applications of current scientific discoveries. I 
shall, indeed, be content if I can acquaint my former colleagues in 
the naval profession with a few aspects of recent progress in 
physics, a few details of research technique, and an interpretation 
of certain experimental results. But before tackling the main issue, 
I shall here interpolate a few remarks concerning antecedents of 
modern physics. 

Following the discovery, at the close of the last century, of the 
X-ray and of the radiations from radium, uranium, and other 
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radioactive substances, and after the postulation of the so-called 
quantum theory of light, there was a gradual change in the nature 
of investigations in physics. Whereas the 19th century physicist 
was occupied with the study of the motion of large bodies, the flow 
of fluids, and the wave motions associated with sound and light, the 
20th century physicist is interested in the motion of minute bodies 
such as electrons and atoms, the corpuscular nature of light, X-rays, 
etc., and the action of an individual light quantum on an individual 
electron, and vice versa. In short, he has turned his attention from 
a macroscopic study of things in bulk to a microscopic examination 
of the individual particles which in aggregate compose what is 
generally known as matter. This study has naturally centered 
around the atomic structure of the ninety-two chemical elements, 
and during the last four years investigators have been seeking to 
discover the truth long hid in the very hearts of atoms. 

As the curtain fell at the end of the drama of 19th century 
physics, it was realized that one “ theme song” permeated the en- 
tire composition; namely, the law of conservation of energy. This 
law is merely a statement to the effect that in any isolated system 
the total amount of energy therein remains constant during any 
number of changes in form; as from electrical to heat energy, or 
from chemical to mechanical energy. Does that law hold in a 
Lilliputian world where one deals with minute atoms, electrons, 
and light quanta? This is one of the simple questions I hope to 
consider in discussing one of the principal interests of the modern 
physicist ; namely, the nuclear structure of atoms. 

An atom, in general; is pictured as an extremely small central 
nucleus, in which resides almost its entire mass, surrounded by 
numerous electrons more or less intimately bound thereto by elec- 
trical forces. The mass of the lightest nucleus, that of hydrogen, 
is known to be about 1.66 & 10—*4 grams. The heaviest known 
nucleus has a mass about 238 times that of hydrogen, and the elec- 
tron has roughly 1/2000 the mass of the hydrogen nucleus. 

Experiment indicates that it is the outermost electrons of an 
atom which take part in the chemical formation of molecules and 
which are responsible for the emission of discrete wave-lengths of 
light in the characteristic spectrum of the element concerned. The 
electrons in closer proximity with the nucleus are not easily af- 
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fected by outside influences such as electrical discharges ; but when 
they are displaced the atom usually undergoes a convulsion which 
results in the emission of an X-ray, an electromagnetic disturbance 
of very high frequency. 

Such a picture of an atom serves the physicist as a chart serves 
a mariner. Neither is a photographic image of that which it rep- 
resents, but is none the less an aid in going over unfamiliar ground. 
In fact, the theory of the structure of an atom may be compared 
with a naval commander’s mental picture of the disposition of the 
enemy’s forces before contact, a picture which is based upon a 
certain amount of indirect information and upon knowledge of how 
fleets have, in the past, been deployed under similar circumstances. 
The physicist has never seen the elusive enemy with his own eyes, 
and probably never will; but he hears the roar of distant cannon- 
ading, sees occasional flashes from their guns, and picks up odd 
bits of wreckage now and then. Conclusions drawn from such 
experimental evidence may induce him to modify, from time to 
time, notations on his chart, even though he is aware that he has 
not yet “seen” the object of his search. 

The atomic nucleus is surrounded by barriers far more formid- 
able to the discoverer of its secrets than those which protect the 
extra-nuclear electrons of the atom, and it is only within the last 
few years, indeed, that experimenters have been able to break 
through its first line of defense. It is true that as early as the 
beginning of the present century Lord Rutherford, and his school 
in the field of radioactivity, had discovered such external aspects 
of the nucleus as its mass and apparent size; and that H. G. J. 
Moseley, a brilliant young British physicist and officer killed in 
the Gallipoli campaign in the World War, had found in 1913 that 
the positive electric charges on the nuclei of atoms are always 
integral multiples of the elementary charge on a hydrogen nucleus ; 
—the nuclei of helium, lithium, beryllium, etc., having respectively 
two, three, four, etc., times this elementary charge. It is also true 
that the nuclei of a few heavy elements such as radium were known 
to explode automatically, so to speak, with the emission of helium 
nuclei; and that the latter, by virtue of their enormous kinetic 
energy, have been used since 1919 as missiles to disrupt the nuclei 
of a few of the lighter elements. However, the first really suc- 
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cessful attempt to change a nucleus, i.e., to transmute an atom 
of one element into one of another element, under controlled con- 
ditions, was the now well known experiment of Messrs. Cockcroft 
and Walton in England in 1932. Their work has since been ex- 
tended in a variety of ways and by numerous investigations prin- 
cipally in the United States, England and France. 

The artificial transmutation of atoms has a not too remote 
analogy in the practice of naval warfare. The nucleus is the 
heavily armored battleship with its well protected store of poten- 
tial energy,—the powder ; while the surrounding electrons are the 
light cruisers and destroyers darting here and there and screening 
the nucleus. For projectiles, the experimentalist uses high speed 
protons, the nuclei of hydrogen atoms; or deuterons, the nuclei 
of the recently discovered “ heavy hydrogen” atoms; or, indeed, a 
special armor-piercing shell, the neutron. Although this last type 
of projectile, in consequence of its lack of electric charge, either 
positive or negative, appears to be most effective at relatively low 
speed ; the other two must have sufficient kinetic energy to pene- 
trate the armor, or the “ potential barrier” as the physicist is 
wont to call it, of the bombarded nucleus. Should the projectile 
succeed in penetrating the potential barrier it will invariably, so 
it seems, touch off the magazine and render a magnificent explosion 
in which fragments, usually with enormous velocities, are dispersed 
in various directions. By an examination of these fragments—gun- 
turrets, masts, funnels, etc.—which are readily picked up, one may 
estimate the damage done to the bombarded nucleus. 

The disintegration of lithium provides a simple and typical ex- 
ample of artificial transmutation. As carried out by Cockcroft and 
Walton, a thin sheet of metallic lithium was bombarded by high 
speed protons, and the fragments, which always appeared in pairs, 
displayed many characteristics of helium nuclei. Since the atomic 
weight of lithium is about seven and of the proton, one, the par- 
ticle resulting from the combination of the two would have a 
weight of eight units. (The unit of atomic weight is taken as 
exactly one-sixteenth the weight of an oxygen atom). Now the 
atomic weight of helium is about four, so that it is reasonable to 
believe that the two observed fragments are, indeed, helium nuclei. 
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This process is readily expressed by a modified chemical formula, 
as follows: 


TLi + ‘He + ‘He 


where Li = a lithium nucleus; p = a proton; He = a helium 
nucleus ; and the superscripts indicate the approximate masses of 
the respective particles. This equation, which is only a descrip- 
tion of experimental fact, implies a conservation of mass, for it 
equates, by use of an arrow, the sum of the masses before the 
disintegration, (7 + 1), to the sum of the masses of the frag- 
ments, (4 + 4). 

This at once suggests the question—‘“ Is the amount of elec- 
trical charge also conserved?”. The answer is here supplied by 
a fact to which reference has already been made: namely, the 
discovery of Moseley regarding the charges on the nuclei. From 
this it appears that the nuclei of hydrogen, helium, and lithium 
have charges equal to one, two, and three, respectively. Indicating 
these by subscripts, the preceding formula becomes: 


1 


an obvious description of the fact that in this process charge is 
conserved, for 3 + 1 = 2 + 2. The law of the conservation of 
charge, indeed, is a well recognized truth of nature and a helpful 
guide in formulating some of the more intricate processes in 
atomic disintegrations. 

We have still to dispose of the question whether the law of the 
conservation of energy, which I have previously referred to as 
the “theme song” of classical physics, is valid for these small- 
scale atomic processes. At first appearance it is not; for measure- 
ment shows that the kinetic energy of the fragments in the case 
cited above is about 27.3 & 10—* ergs, a figure vastly in excess 
of the kinetic energy of the bombarding proton. But upon closer 
examination of the masses involved we shall see immediately that 
one does not have to relinquish this long cherished law of physics. 

Dr. Aston, of Cambridge University, has made a very precise 
and careful study of the masses of atoms, and as a result of this 
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and subsequent work by others it has been found that nuclear 
masses are not strictly integral*; but are, in the case in hand, as 
follows: 


Li = 7.0416 
p = 1.007775 
He = 4.00216 


Substitution of these numbers in the quasi-chemical equation cited 
above indicates that the combined mass of the two colliding par- 
ticles in that particular process exceeds that of the two fragments 
by an amount 0.01805 mass-units. Thus the process of transmuta- 
tion described by the above formula is one in which experiment 
shows that kinetic energy is gained and mass is lost. Can this be 
justified ? 

One of the most astounding, yet at the same time satisfying, 
predictions of the general theory of relativity is that mass and 
energy are one and the same thing. The rate of exchange, so to 
speak, between these two quantities was given by Einstein in 1905 
by the following relationship : 


E = C?M 


where E = energy in ergs; M = mass in grams; and C = 
constant whose value is that of the velocity of light in centimeters 
per second. (C = 3 X 10" centimeters per second approxi- 
mately.) This means that one gram of matter when completely 
converted into energy yields about 9 X 10*° ergs ;—enough energy 
to completely convert into steam about 40,000 tons of water at 
the ordinary temperature of the sea. Vindication of Einstein’s 
relation is to be found in both celestial and atomic phenomena. 
Returning now to the transmutation of lithium to helium we 
arrive at the question: “Is the kinetic energy gained in this pro- 
cess equivalent to the mass-energy lost when computed by Ein- 
stein’s equation?” Simple calculation indicates the answer “ yes ” ; 
for the mass lost, 0.01805 units, when converted to grams and mul- 
tiplied by the constant C*, very nearly equals the 27.3  10—® ergs 


* Aston first discovered a purely integral relation between the masses of various atoms, 
but more precise measurements indicate that the true masses differ slightly from integral 
values. Sir Arthur Eddington, with characteristic humor, records Aston’s discoveries as: 

PR My masses of atoms are always whole numbers: (2) They are not exactly whole 
numbers.’ 
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of energy gained. Thus in this case of transmutation, as in many 
others, the physicist’s most cherished law, that of the conserva- 
tion of energy, is, in its new and wider sense, sustained.* 

Of more immediate interest, perhaps, are the means by which 
these disintegration experiments are executed. There are two 
features in the technique of studying these atomic disintegrations 
which are of sufficient general interest to warrant inclusion here. 
They pertain to the nature of the gun employed to eject these 
high speed proton projectiles and to the method of detecting the 
existence and nature of the fragments of the disintegration. I 
shall confine my remarks to but two types of proton-gun and three 
kinds of fragment-detectors. 

The first type of gun is based on the principle that an electri- 
cally charged particle when placed in an electric field experiences 
an acceleration in the direction of that field. It is only necessary, 
therefore to set up an evacuated glass tube with suitable electrodes, 
(Plate I), between which is applied a very high potential difference, 
and then to admit protons into the electric field. For a voltage 
drop of one million volts, for example, a proton will experience 
a final velocity of approximately 10,000 miles per second. The 
disintegration of lithium, which I have discussed above, was ac- 
complished at potentials of less than half a million volts. On the 
other hand potentials of more than one million volts have been 
attained in the magnetic laboratory (Plate II) of the Carnegie 
Institution at Washington, D. C.; a three-million volt outfit is now 
being built at the Cavendish Laboratory at Cambridge, England; 
and as much as seven million volts is anticipated by the Massa- 
chusetts Institute of Technology at their plant set up in a private 
airship hangar at Round Hill, Massachusetts. 

Tremendous difficulties arise, chiefly in the matter of insulation, 
when one works with potentials greater than half a million volts. 


* Recent doubts have been directed towards this law because of certain experimental 
observations involving high velocity electrons and positrons, both being particles of very 
minute masses. The interested reader will find this situation clearly described in a short 
note [Nature: Vol. 137; p. 298 (Feb. 22, 19386)] by Professor Dirac, in which he 
points out that the physicist is faced with the rather unsatisfactory situation of having 
the laws of conservation of energy apply to atoms and molecules at all ordinary speeds 
but to fail for processes involving speeds approximating that of light. The effort has been 
made by some investigators to meet this dilemma by postulating the existence of a neutrino, 
a particle defined so as to insure, for these results, conformity with the conservation 
law but at the same time defined so as to be altogether unobservable. This seems a 
rather unsatisfying way of meeting the issue. 


Prate I. 


In this Plate is seen the apparatus with which for the first time in history, 
the transmutation of an element was accomplished. The glass column on the 
right is the proton-gun; that on the left is a vacuum tube rectifier of some- 
what more than customary size. The energy for accelerating the protons is 
supplied by a transformer not shown in the Plate. 

(Published through the courtesy of the Royal Society of London and Dr. 
J. D. Cockcroft.) 
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II. 


Electrostatic generator for 1,200,000 volts, 1 milliampere, with focusing-type 
high-voltage tube. Developed and used for nuclear-physics researches at the 
Department of Terrestrial Magnetism, Carnegie Institution of Washington, 
D. C., by Drs. M. A. Tuve, L. R. Hafstad, and O. Dahl, by whose courtesy 


this illustration was provided. 
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Pirate III. 


This plate shows the “cyclotron” located between the pole-pieces of an 
&5-ton electromagnet. According to latest reports this apparatus has yielded 
protons having a speed equal to that they would have experienced had they 
been accelerated by an electric field of 6,000,000 volts. 


(Published through the courtesy of the Physical Review and Professor 
E. O. Lawrence, of the University of California.) 
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Prate IV. 


In this plate are seen typical fog-tracks in a cloud-chamber produced by 
flying fragments in a process of transmutation. The long track to the right 
is believed tc be due to a proton and the short track toward the lower left 
to a recoil isotope of hydrogen of mass three times that of the proton. 

(Published through the courtesy of the Royal Society of London, and 
Mr. P. I. Dee of Cambridge University.) 
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To avoid this difficulty and still attain high speed protons a second 
and most ingenious type of gun, called a “cyclotron,” has been 
used with singular success at the University of California. It is 
based on the principle that a body receiving numerous small im- 
pulses in the direction of its motion will accumulate a final high 
velocity as readily as by a single impulse of considerable magni- 
tude. It is comparatively simple to apply an alternating potential 
of 100,000 volts to a pair of electrodes in the field of which a 
proton would be accelerated first one way and then the other. If, 
however, the proton is repeatedly swung around through a semi- 
circle between each alternating impulse—like the stone in the sling- 
shot with which David felled Goliath—then the increments of 
velocity are cumulative. Proton velocities equivalent to a single 
fall through a six million volt electric field have been obtained in 
this manner by Professor E. O. Lawrence at the University of 
California. 

The reversal of the proton between successive impulses was ac- 
complished in this instance by the application of a strong magnetic 
field perpendicular to the direction of the electric field which, ac- 
cording to well known electromagnetic principles, constrains the 
proton to move in the arc of a circle. In this case the magnetic 
field was produced by one of the huge 85-ton Federal Telegraph 
Company’s electromagnets, shown in Plate III, such as were used 
during and after the World War by the United States Navy in 
their Poulsen arc radio transmitters. The 60-ton magnet recently 
dismounted at the Annapolis Radio Station is now being installed 
at Columbia University: for experiments similar to those being 
done in California. 

The technique of studying fragments belongs strictly to the 20th 
century, for it involves the detection of individual and minute par- 
ticles. One of the most useful, and certainly the most spectacular 
methods is the use of the cloud-chamber—an apparatus capable of 
condensing very minute droplets of water on electrically charged 
particles ; such, for example, as atomic and molecular ions. When 
a fragment passes through such a chamber it produces, by col- 
lision with air molecules, thousands of ions along its path which, 
after condensation of water upon them, are perceived by an ob- 
server as a narrow streak of fog. Typical fog-tracks are shown 
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in Plate 1V. These, in appearance, are similar to the wake of a 
torpedo as seen from an airplane and, like the analogue, mark the 
paths that something has traversed. From the width and length 
of a fog path the physicist can measure the mass and initial energy 
of the ionizing particle, while from the curvature of the path, when 
traced under the influence of a suitably oriented magnetic field, he 
determines the nature and amount of its electrical charge. The 
cloud-chamber, it is thus seen, provides one of the most valuable 
means of studying transmutations, for it gives an instantaneous 
picture of paths of all the fragments (excepting neutrons) of a 
given disruption, and at the same time gives quantitative informa- 
tion in regard to the size, energy, charge, and direction of motion 
of the individual particles involved. But it is not suited to the 
rapid count of a large number of particles ejected in quick suc- 
cession from a bombarded target. 

For this purpose there is a second device for counting particles 
invented many years ago by H. Geiger and now usually referred 
to as a Geigercounter. It consists, in its latest modification, of a 
small metal cylinder surrounding a single fine wire which lies 
along the axis of the cylinder and is well insulated therefrom. An 
electric potential is applied between these two, as electrodes, in such 
a way that a particle entering or passing through the region within 
the cylinder causes, through ionization of the residual air, an elec- 
trical breakdown therein. With suitable resistance-coupled ampli- 
fication this action is recorded as a click in a set of head phones 
or as a dash on a ticker-tape. 

The third means of detecting fragments of disintegration is 
merely to measure with an electrometer the ions produced when a 
particle enters a gas-filled chamber. This method has the advantage 
that it gives a quantitative measurement of the ions produced, but 
on the other hand it is sluggish in its action and is not frequently 
used for this purpose. 

The foregoing pages contain a brief discussion of the kind of 
frontier work in which the modern physicist is engaged, his current 
conception of atoms in general, his interest in the nucleus and in 
its transmutation, and, lastly, his technique in producing and de- 
tecting disintegrations. I wish now, in the few remaining pages, 
to show how this work has enlarged and at the same time sim- 


plifi 
the: 
vie\ 
by 
pro 
bet 
che 
tow 
Sir 
anc 
are 
tw 
] 
sid 
ex! 
pre 
cot 
Its 
De 
ele 
ch 
re 
TI 
re 
th 
is 
ar 
th 
st 
es 
tc 
st 
b 
3 
a 


THE FRONTIER OF MODERN PHYSICS. 323 
plified his understanding of the constitution of atoms, and how 
these developments of the 20th century have changed his point of 
view. 

The foundations of the atomic theory of matter were laid down 
by John Dalton in 1804 when he announced the law of multiple 
proportions. This statement of the truth that a simple ratio exists 
between the weights in which the atoms of one element enter into 
chemical combination with the atoms of another was the first step 
toward getting order out of the then chaotic state of chemistry. 
Since Dalton’s time the almost infinite complexity of molecular 
and atomic structures has been gradually reduced; so that atoms 
are now regarded as comparatively simple mosaics made from but 
two kinds of elementary particles. 

In speaking of these mosaics it will simplify matters if we con- 
sider only the nuclei of atoms devoid of their usually attendant 
extra-nuclear electrons. The nucleus of hydrogen, as has been 
previously stated, is called a proton and is believed to be a universal 
component of all matter—a fundamenal building block of nature. 
Its charge is unity and its mass is very slightly greater than unity. 
Deuterium, popularly known as “heavy hydrogen,” is the next 
element in the order of atomic weight; its nucleus bears a unit 
charge of electricity and its mass is approximately two. The cur- 
rent belief is that it is a combination of a proton and a neutron. 
The neutron is an uncharged particle whose mass cannot be di- 
rectly measured, but several indirect determinations have indicated 
that its mass is almost the same as that of the proton. The neutron 
is now considered the second fundamental building block of nature 
and is believed to be a component of all elemental nuclei, excepting 
that of hydrogen. All nuclei, according to recent and rather sub- 
stantial evidence, are aggregates of only protons and neutrons. 

If, however, these two types of particles, whose masses are each 
essentially unity, are the only constituents of all nuclei, how is one 
to account for the structure of elements having non-integral masses ; 
such, for example, as chlorine having an alleged atomic weight 
of 35.457 units? The answer is that chlorine gas is now known to 
be a mixture of atoms having essentially integral masses, some of 
35 and some of 37 mass units; and that the value determined by 
accurate chemical methods is merely a weighted average of the 
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mixture. Since the atoms of masses 35 and 37 have the same 
chemical properties they occupy the same place in the periodic 
table and are therefore said to be isotopes of chlorine. Many ele- 
ments have two or more isotopes, each of which has nearly an 
integral mass value, so that among the ninety-two elements known 
to nature there have so far been discovered more than 200 atoms 
having different nuclear properties. 

Helium is believed to have two isotopes of masses three and 
four respectively ; each having a nuclear charge of two units. The 
composition of the former is obviously two protons and one neu- 
tron, and of the latter is two of each kind of particle. If we 
proceed in this manner to build up the elements in the order in 
which they appear in the periodic table, we shall find ourselves 
adding alternately one proton and one neutron until we reach 
oxygen, whereupon we shall be obliged to add successively two 
protons and two neutrons, etc. Beyond chlorine the sequence is 
not so simple although it retains surprising regularity. Many 
isotopes are as yet undiscovered and hence there are many gaps in 
the present array of known atoms; but nature’s scheme of atomic 
structure, in which all nuclei are apparently built from only protons 
and neutrons, points to a simplicity which surpasses the most 
optimistic anticipations of a quarter-century ago. 

Analogous to this view of the structure of nuclei is the structure 
of the alphabet in the Morse International Code. Each of the 
twenty-six letters, like the atoms of the ninety-two elements, is 
composed of only two kinds of symbols,—the dot and the dash, 
corresponding to the proton and the neutron; and just as atoms 
combine to form molecules, so do certain groupings of letter- 
symbols produce words. One may think of Lincoln’s “Gettys- 
burg Address,” with all its splendidly balanced phrases, its happily 
chosen words, its forceful and sympathetic appeal,—were it 
printed in the symbols of the Morse Code,—as merely an ordered 
collection of dots and dashes. Analogously, one may think of the 
Lincoln Memorial at Washington, exemplifying in its massive but 
graceful form the rugged and noble character of Abraham Lincoln 
and embodying the spirit of unity which he so earnestly sought 
and won for the nation, as an ordered assemblage of protons and 
neutrons. The really important feature in this analogy is not the 
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similarity but the difference of quantities compared. The code is 
an unrestricted human conception, whereas nuclear structure, 
though likewise a human conception, is hemmed in on all sides by 
the necessity of satisfying various experimental facts and phe- 
nomena. In short, the orderliness of the code lies in “ Man’s un- 
conquerable mind” and is subjective; in nuclear structure, it is 
objective. 

The history of the development of atomic structure is typical of 
the manner in which science progresses. We have seen the reduc- 
tion of countless substances to combinations of some ninety-two 
elements; and these, in turn, classified by Mendeléeff into eight 
groups of the periodic table. The discovery of isotopes increased 
the number of known elementary particles to over two hundred, 
but simplified the atom my making the mass of each an integral 
multiple of the lightest. Further precision of measurement re- 
vealed the fact, at first sight unwelcome, that the masses are not 
strictly integral; but as we have just seen, it was just this that 
maintained the validity of the law of conservation of energy. 
There is ever this constant yawing first on the side of simplicity 
and then of complexity. The net effect, however, is to bring 
continually more and more phenomena together under the scope 
of a few fundamental laws; so that as the details grow more com- 
plex the generalities become simpler. 

The new quantum theory, which was developed in the latter half 
of the last decade, is an example of the coalition of apparently 
diverse phenomena under a single general law or theory. It was 
designed primarily to unite the otherwise incompatible concepts 
of light; namely, the wave theory and the corpuscular, or quantum, 
theory. Without entering here into details, suffice it to say that 
this new quantum theory, which also applies to material particles 
such as electrons and nuclei, embodies a concept distinctly dif- 
ferent from the classical laws of mechanics, and one which finds 
expression more readily in mathematical symbols than in the written 
word. 

At the beginning of this article reference was made to the chang- 
ing interest of the physicist from the study of relatively large scale 
phenomena to an investigation of those concerned with bodies of 
submicroscopic dimensions. We have visited the frontier of the 
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exploring physicist and seen in brief his task of discovering the 
secrets of nuclear structure, his methods of research, and his in- 
terpretation of the structure of atoms. A final glimpse revealed 
that along this frontier of investigation one cannot always interpret 
his results in terms of the simple mechanical laws he learned from 
childhood when he threw balls, rolled hoops, see-sawed, and slid 
down cellar doors ;—these laws are not entirely valid in submicro- 
scopic fairyland where matter changes into radiation in the wink of 
an eye and the mass of a body is a function of its speed. 

This failure of things built on one scale to behave like similar 
things built on another scale is a familiar fact to the engineer. 
Structural members become relatively weaker as their linear dimen- 
sions are increased by a common factor, and the aerodynamicist 
knows that results obtained from small models of air-foils in a 
wind-tunnel cannot be applied directly to actual, full-sized airplanes 
until he introduces a suitable correction. 

More than a hundred years have passed since John Dalton, the 
Quaker schoolmaster, inaugurated the study of the atomic and 
molecular structure of matter. His followers, down through the 
corridor of history, have toyed with the molecule until it revedled 
its component parts, the atoms; they have agitated the atony at 
one time supposedly indivisible, until it reluctantly released its 
bodyguard of electrons and displayed its minute but massive 
nucleus. Still the search for further knowledge proceeded until, 
under the relentless bombardment of protons having enormous 
kinetic energies, the almost impregnable nucleus gave way and 
revealed its hidden secret,—an orderly array of protons and neu- 
trons. Thus have circumstances led to the discovery of what ap- 
pears to be the truth of atomic structure,—“ though it were hid 
indeed within the center.” 
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DYNAMIC BALANCING OF SHIP PROPELLERS. 
By Puitire MAttozzi, B.S., M.E. 


The author is an Associate Mechanical Engineer in the United 
States Navy Yard, New York, N. Y. In the course of his duties 
he was placed in charge of the propeller balancing activities of the 
Yard and as he familiarized himself with the basic theory, became 
interested in rationalizing the determination and correction of 
static and dynamic unbalance in an irregular mass. In this article 
he has developed a method of attack which will be interesting to all 
those who consider propeller balancing to be merely a trial and 
error proposition, 


Screw propellers for marine propulsion even when completely 
machined are frequently found to have considerable unbalance. As 
much as 200 pounds of material have been removed from the backs 
of blades of large ship propellers before satisfactory balance was 
obtained. 

No criterion for the amount of unbalance to be considered toler- 
able for ship propellers has been established. An approach to a 
perfect balance is difficult and expensive to obtain, and as pro- 
pellers undoubtedly distort-under load in a manner to change the 
condition of balance, attainment of absolute balance in the shop 
seems unnecessary. 

In this paper, an effort has been made to present a logical pro- 
cedure for obtaining propeller balance, together with the funda- 
mental principles discussed. A method for expressing unbalance 
tolerance is also presented, taking into account shop practice limi- 
tations. 

The type of machine mostly used for balancing marine pro- 
pellers (where only a few of a type are handled at a time) is illus- 
trated in Figure 1. — 
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Where a large number of identical parts are to be balanced, 
machines designed to give the unbalance correction rapidly are avail- 
able. In this case the procedure on part of the operator becomes 
mechanical. 

In balancing on simple head machines, such as illustrated in 
Figure 1, the process of balancing becomes more or less involved. 
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One of the aims of the present article is to discuss the principles 
of balancing as they concern the simple head type machines, par- 
ticularly with regard to their application to the balancing of marine 
propellers. 

The equipment (see Figures 1 and 18) consists of a balanced 
mandrel to which the propeller is secured about mid-position, a 
vibrating roller bearing supporting one end of the mandrel and a 
fixed roller bearing supporting the other end. Both bearings are 
mounted on suitable blocks. The object to be balanced is driven 
through a countershaft by a variable speed motor. 


Types of Unbalance. 


A propeller may be in static unbalance, dynamic unbalance or 
both. 

Static unbalance is manifested by a resultant centrifugal force 
acting at the intersection of an axial plane with a transverse plane 
containing the center of gravity of the revolving mass. (See 
Figure 2.) 

Dynamic unbalance is manifested by a resultant couple composed 
of two equal and opposite centrifugal forces tending to rotate the 
propeller in an axial plane passing through the revolving axis. (See 
Figure 3.) 

Static and dynamic unbalance is shown by Figure 4, where there 
are present an unbalanced centrifugal force Fs (static unbalance) 
and a centrifugal couple m Fp (dynamic unbalance). Force Fs 
may or may not lie in the axial plane containing the couple. 


Notation Used. 


Let F = Centrifugal force causing unbalance (pounds). 
n = Revolutions per minute of propeller at which the centrif- 
ugal force is considered. 
W = Unbalance weight concentrated at radius r (ounces). 
r = Radius of circle containing center of gravity of W 


(inches). 
m = Any moment arm (inches). 
F = .000001776 n? Wr = K n? Wr. Te (1) 


For static and dynamic equilibrium : 


| 


DYNAMIC BALANCING OF SHIP PROPELLERS. 331 


Moments = m F = m We = (3) 


A body balanced at one speed will be in a state of balance at any 
other speed. Since n for any part of the propeller is the same, and 
K a numerical constant, the factors Kn? may be made to vanish by 
dividing equations 2 and 3 by Kn? resulting in the following: 


- ip Force factors F Wr (4) 
_mF 

pe. kn = Moments factors = F = 3’ mWr (5) 


Equations 4 and 5 give the notation as here used for static and 
dynamic equilibrium. Where F = Wr is the unbalance force fac- 
tor in ounce inches, m F = m Wr is the unbalance moment factor 
in ounce inches*. For brevity of discussion, the words force and 
factors are omitted. 


Unbalance Correction. 


The static unbalance in Figure 2 may be corrected by applying 
an equal and opposite centrifugal force to Fs in the transverse 
plane containing Fs. The dynamic unbalance in Figure 3 may be 
corrected by applying a couple equal to m Fp but opposite in direc- 
tion anywhere along the horizonal axis. The combined static and 
dynamic unbalance of Figure 4 may be corrected by applying an 
equal and opposite force to Fs in the transverse plane containing 
Fs and an equal and opposite couple equal to m Fp anywhere 
along the horizontal axis. Corrections made as mentioned above 
while correct in theory, in some cases are impossible in practice. 
In most cases, material cannot be added or removed from the cen- 
ter of gravity of the object balanced. Static and dynamic unbal- 
ance correction in propellers is made in two transverse planes lying 
within the propeller, one on each side of its center of gravity where 
weight can conveniently be added or taken away. The transverse 
planes where unbalance correction is made are called correction 
planes. 
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Balancing of Propellers. 


When dynamic balancing on an equipment such as shown in 
Figure 1, the correction is determined at the clamp positions A; 
and B, (see Figure 5). From the unbalance registered by the 
clamp, the components at the supports are ascertained. From the 
supports the correction is transferred to two correction planes K 
and L (see Figure 6). 

A description of the machine, setting up, determining the high 
spot and the unbalance at the clamp positions are given in Ap- 
pendix I. In brief, the procedure is as follows: 

I. With end A (see Figure 5) placed on the vibrating support and 
B placed on the fixed support allow A to vibrate and determine the 
unbalance F A; at clamp position A; in ounce inches (see Ap- 
pendix I). 

II. Remove balance clamp and place it at position B, near the 
B support. 

III. Place end B on the vibrating support and end A on the fixed 
support, allow B to vibrate and determine the unbalance Fx, at 
clamp position B, (see Appendix I). 

If correction is made at the clamp positions A; and B, in amount 
and direction given by Fa; and Fx, (see Figure 5), the revolving 
body would still be out of balance for the reasons explained in 
Appendix I. The unbalance corrections Fa; and Fp; registered 
by the clamp at positions A; and B, are necessarily transferred to 
the supports A and B, giving R a and RB, respectively (see Fig- 
ures 5 and 6). 


(6) R, = Fai = Unbalance at the support 
position A in ounce inches. 
(7) R, = F, = Unbalance at the support 


position B in ounce inches. 


Where FA; and Fx; are the amounts of unbalance at clamp 
positions A; and B, in ounce inches, f is the distance between sup- 
ports in inches, g and d are distances from the supports to the 
clamp positions in inches (see Figure 5). 
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If the correction is now made at the support positions A and B 
in amount and direction given by Ra and Rs, the revolving body 
would be in both static and dynamic balance. 


A, 


wo 


Transferring the Unbalance from the Support Positions to the Cor- 
rection planes. 


Forces Ra and Rs at the supports A and B are replaced by PK 
and Px at the correction planes within the propeller as shown by 
Figure 6 below. Force RB is replaced by two parallel forces, 
Rest and Rcs, Force Ra is replaced by two parallel forces Rak 
and Rca. Pt and Px are the resultants respectively in correc- 
tion planes L and K. 

Unbalance correction in a propeller is usually made by removing 
material. Brazing on additional material is considered poor prac- 
tice. If material is removed, Pk and Pt are replaced by equal 
and opposite forces Pk! and Pt! such that Pk’ = —Pxk and 
Pi! = —PL. 
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Usually Pk’ and PL! occur in direction away from the blades 
where material cannot be removed. In this case PK! and PL! are 
each replaced by two components vectored at such angles as to per- 
mit removing material at the back of the blades. 

Knowing the direction of Pk! and PL! in their respective correc- 
tion planes K and L, their components PK1;, PK’: and Pt!, and 
Pt’, are laid out by means of a surface gage and scale by striking 
points on the back of the blades where material can be removed. 

Figure 7 shows the unbalance P in a correction plane falling 
between blades vectored in two components P; and Ps in such a 
manner as to permit the removal of material. The weight of the 
material to be removed in the case of Figure 7 is computed by 
formulae 10 and 11 given below: 
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Where W; and Ws are weights to be removed in ounces at radii r, 


and rz in inches. The center of gravity of W; and We must lie in 
the correction plane, the radii r; and rz are chosen as large as pos- 


sible as to maintain W; and We small. The oval shape figures of 
Figure 8 below show the manner in which the material is removed 
on the back side of the propeller blades. Other geometric con- 
figuration may be used whose surface area can be easily computed. 
Precaution should be taken to lay out a configuration to cover the 
greatest possible surface as to not greatly change the contour of 
the blade after material is removed. 

After proper amount of material is removed by chipping and 
grinding, the propeller is rechecked for balance and the residual 
unbalance determined. The number of trials required before a 
propeller is satisfactorily balanced depends on the experience and 
good judgment of the operator. 


Computations for Correction of Unbalance (Form 1). 


Form I, prepared for convenience in obtaining correction weights, 
is briefly described as follows: From the displacements X; and Xz 
of the compensating weights W; and W». (see Figure 19), the 
unbalance forces FA; and FB; at clamp positions A; and B, may 
be found by the following formulae: 


Fa; = Wi XAz We (12) 


Where XA; and Xz are displacements of the compensating 
weights W, and Ws on each side of the clamp for position Aj, and 
XB, and XB are displacements of the compensating weights W; 
and Ws on each side of the clamp for position B;. At this point, 
the angle 6 between the axial planes A and B containing Fa; and 
Fx, is measured. The forces Fa; and Fx; are first transferred to 
the supports by formulae 6 and 7, giving Ra and Rs in the same 
axial planes containing Fa; and F.x;, respectively. Forces Ra and 
Rs are then transferred to the correction planes K and L as shown 
on Form I, giving Pk and Pt at angles a and §, respectively, 
measured from the axial planes A and B. 
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Development of Formulas Used in Form I. 


Formulae 14 to 17 used to transfer unbalance correction Ra 
and Rs from the supports A and B to the correction planes K and 
Las used in Form I are developed as follows: 

For the case of transferring Ra parallel to itself to position Kk, 


hold K fixed and write the equations for equilibrium (see Figures 
9 and 10). 


b Ray + Ry (a + b) = o = J Moments about L. 


Rax + + Rea = 0 = Forces. 


and R,, = R, 


Thus R,, and R,, hold R, in equilibrium. 

It is seen from the above that force Ra at A may be transferred 

to position K parallel to itself toward the fixed point L by intro- 


ducing the couple a Ra = b Rca acting in direction of Ra. Fig- 
ure 11 shows Ra replaced by two components as follows: 


Rax = Ra + Rea . . . (14) 
Ra = Ra 


In a similar manner Rp may be replaced by two components as 
given below: 


Rg, = + Rep ‘ (16) 
c 
= R, ° (17) 


An illustration showing the correction unbalance RA and Rs at 
supports A and B replaced by Px and Pt at the correction planes 
K and L, respectively, is given in Figure 12 below: 
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UNBALANCE TOLERANCE IN SHIP AND MOTORBOAT PROPELLERS. 


The amplitude of vibration stimulated by an unbalance force 
varies inversely as the moving mass and in proportion to the stimu- 
lating force aside from other existing factors. Therefore, the ex- 
pression for tolerable unbalance in terms of percentage of weight 
of the moving mass becomes evident. The unbalance tolerance is 
termed here as “residual unbalance” expressed as static and 
dynamic components in ounce inches and ounce inches”, respec- 
tively. Actually they are static residual force factors and dynamic 
moment factors. For brevity the words force and factors are 
omitted. 


Allowable Residual Unbalance. 


The allowable residual unbalance is here based on a centrifugal 


force equal to 1 per cent the weight of the propeller when operating 
at its maximum rated R.P.M. 


Ra 
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Let Fr = Allowable centrifugal unbalance force in pounds. 
n = Maximum rated R.P.M. of the propeller. 


W = Allowable unbalance weight in ounces at radius r. 

rt = Radius in inches containing the center of gravity of 
W measured from axis of rotation. 

Wp = Weight of the propeller in pounds. 

e = Moment arm of the unbalanced couple in inches 
taken as the horizontal projected width of the pro- 
peller blades (see Figure 13). 

Fr = .000001776 n? Wr. 

Fr =h Wp = .000001776 (Wr) r. 


Where h = .01 representing the 1 per cent tolerance fixed above. 


(18) ; ons (Wr), = 5630 wP = Allowable residual static 
unbalance (ounce inches) 
acting at the center of 
gravity of the propeller. 

(19) . (Wr) Xe = 5630 “px £ = Allowable residual 

dynamic —unbal- 
ance moment of a 
couple in ounce 
inches?, 


Equation 18 gives the allowable static unbalance. Equation 19 
shows that the propeller may also have a dynamic unbalance couple 
equal to the static unbalance multiplied by the horizontal projected 
width of the propeller blade “e” (see Figure 13). The horizontal 
projected width of the blade is here chosen for the reason that it is a 
dimension closely related to the distribution of mass within the 
propeller and at the same time giving adequate dynamic tolerance. 

A propeller is considered as satisfactorily balanced when the exist- 
ing static and dynamic residuals Sc and Dc after balancing are 
equal or less than the allowable static and dynamic unbalance and 
expressed as follows: 


(20) gbgo = Static residual unbalance in 
ounce inches. 
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(21) ‘ D. = 5630 = Dynamic residual unbal- 


ance in ounce inches?. 
Checking a Propeller for Existing Residual Unbalance. 

A propeller mounted on a mandrel, having its center of gravity 
between two supports is checked for existing residual unbalance 
by converting the unbalance residual correction at the supports into 
static and dynamic components. 

Let Ra and Rs, Figure 13, be the residual correction at the sup- 
ports A and B in ounce inches, also let a and b be the distance in 


inches measured from the supports to the center of gravity of the 
propeller and mandrel. 


FIG-13 
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If at the center of gravity of Figure 13, equal and opposite com- 
ponents are drawn equal and parallel to Ra and Rp as shown by 
Figure 14, the support conditions at A and B remain unchanged. 
Figure 14 further shows the existence of two couples a Ra and 
b Rs representing the dynamic residual unbalance, and also com- 
ponents Ra and Rp acting at the center of gravity representing the 
static residual unbalance. 

The vector sum (Dc) of the dynamic couples, and also the 
vector sum (Sc) of static components are illustrated in Figure 15 
where, 

Sc = the vector sum, Ra + Rs = Existing static residual un- 
balance acting at the center 
of gravity of the propeller 
of total revolving mass. 

Dc = the vector sum, a RA + b Rp = Existing dynamic resid- 

ual moment of a couple. 


The summation can be conveniently carried out for the two cases 
shown by Figures 16 and 17. 
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Looking from A to B in Figure 15, when Rs is to the right of 
Ra, the value and direction of Sc acting at the center of gravity, 
and the value and direction of Dc with respect to position A, are 
obtained as shown in Figure 16. 


Looking from A to B in Figure 15, when Rp is to the left of 
Ra, the value and direction of Sc acting at the center of gravity 
and the value and direction of Dc with respect to position A, are 
obtained as shown in Figure 17. 


Computations to Obtain Residual Unbalance (See Form II). 


- Form II gives a procedure for carrying out computations involved 

in obtaining the unbalance residuals. 

The procedure given in Form II is briefly described below : 

(1) From the displacements X; and X»2 of the compensating 
weights W; and Ws (see Figure 19) at the clamp positions A; 
and By, obtained Fa; and Fx; at the clamp positions by using 
formulae 12a and 13a (see Form IT). 

(2) Measure angle @ in degrees between the clamp positions. 

(3) Transfer Fa; and Fs, (see Figure IX of Form II) to the 
supports A and B giving Ra and Rp in the same axial plane 
containing Fa, and Fx, respectively. This is accomplished 
by using formulae 6a and Ya (see Form II). 

(4) Determine the center of gravity of the propellor and mandrel 
as show: in step b of Form II. 

(5) Determine the existing residual unbalance as shown by Fig- 
‘ures XI and XII of Form II and compare with the allowable 
unbalance as shown in step d of Form II. 


Conclusions. 


Form I gives a procedure for balancing propellers and may be 
used as a guide for computing the magnitude and position of the 
corrective weights. 

Formulae 20 and 21 express the unbalance tolerance based on a 
centrifugal force equal to 1 per cent the weight of the propeller, 
the records of propellers balanced at the Navy Yard, New York, 
indicating that the above tolerance can conveniently be adopted. 
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Form II is prepared for the purpose of computing the residual 
unbalance. 
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APPENDIX I. 


DESCRIPTION OF THE MACHINE, SETTING UP AND DETERMINATION 
OF THE HIGH SPOT. 


The balancing equipment here described is diagrammatically 
shown by Figure 1. It consists of a fixed bearing head and an 
oscillating bearing head rigidly bolted on suitable blocks. The bear- 
ings of both the fixed and vibrating heads have rollers on which the 
revolving shaft is rotated. 

A typical oscillating head is shown in Figure 18, the axles B are 
spherical at their mid point to allow self alignment. The I-beam 
roller support H is reduced at Section J to permit sufficient flexibil- 
ity to give large oscillations at relatively low frequency under the 
impulse of an unbalanced object, at the same time having sufficient 
rigidity to withstand the maximum designed load. 

At the fixed end, a thrust angle plate is provided to prevent axial 
motion. 

The object balanced is driven through a countershaft by a 
variable speed motor. The countershaft is located directly under 
the centerline of the bearings to insure against lateral force on the 
object. 

The revolving object is placed on the roller bearing heads as seen 
in Figure 1. One bearing is made fixed while the other is free to 
vibrate in a rocking motion with respect to the notched beam Sec- 
tion J (see Figure 18). 

Various‘heads are required to accommodate the ranges of loads 
handled. 
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Unbalance indications (rocking oscillations of the vibrating 
head) are obtained by a dial indicator (see I, Figure 18). The 
maximum dial indications occur when the object under the process 
of balancing is revolved through the synchronous speed, i.e. at the 
R.P.M. of the object equal in number to the natural oscillations per 
minute (natural frequency) of the vibrating bearing. The syn- 
chronous speed is here called the balancing speed. 

The vibrating parts of the bearing consist of all the items above 
the notched Section J, including the object balanced. 

The natural frequency of the vibrating head depends on the 
inertia of the vibrating parts, the elastic properties of the notched 
beam, and the elastic properties of the springs. The frequency of 
the vibrating head may be raised or lowered by moving the weights 
W (see Figure 18) toward or away from the I-beam, by using 
heavier or lighter springs, respectively, or by doing both. 

The magnitude of the oscillations at the balancing speed, aside 
from other factors depend on the amount of unbalance and the 
damping within the system. If the unbalance is excessive, the 
vibration may be damped by applying frictional resistance in tighten- 
ing clamping plates “D.” (See Figure 18.) These plates are 
bolted to the roller support plate, their lower ends caused to exert 
the desired friction against the foundation plate “ X.” The plates 
are slackened off in the process of balancing as the neutralizing 
weight of the clamp brings the object to a closer balance. 

The balance clamp (Figure 19) is used to counteract and to 
measure the existing unbalance in the propeller. Arm I of the 
clamp is located opposite the heavy side thus permitting displace- 
ments of W; and Wz» until body is balanced. The clamp itself 
is in its balanced condition, when the movable weights W,; and We 
are against stops at positions I and II, respectively, as shown in 
Figure 19. From the displacements X; and X2 of weights W, and 
Ws, respectively, the amount of unbalance “ F ” at the position of 
the clamp is as follows: 


F = X; Wi + Xz We (ounce inches).............. (22) 


In discussing the effects of unbalance, it is here assumed that the 
unbalance force does not deform the revolving object. This as- 
sumption is justified if the balancing speed is kept below one-half 
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the critical speed of the revolving object (see references 3 and 6). 
While a propeller and a short mandrel supported at two ends is 
assumed here to be a rigid body, in reality it has enough elasticity 
to have various modes of lateral vibrations, namely, first critical, 
second critical, etc. If the propeller and mandrel be revolved at its 
first critical speed, the unbalance in the propeller would introduce 
shaft whipping (see reference 3), and the vibration motion of the 
bearing head would be amplified thus giving a false indication of the 
true amplitude due to the actual unbalance in the propeller. The 
practice of the New York Navy Yard is to balance ship propellers 
at speeds between 200 and 300 R.P.M. If the mandrel is kept as 
short as possible, the first critical will probably be so well above the 
balancing speeds that shaft whipping effects will be negligible. 

Balancing of propellers at speeds below 200 is not considered 
good practice for the reason that the centrifugal force diminishes 
with speed and would result in small amplitudes of the vibrating 
head. 


Shop Procedure. 


(a) The propeller with mandrel inserted is placed in position as 
shown in Figure 1, with the driving gear and thrust bearing set in 
position. 

(b) Mark the end of the mandrel on the oscillating head A and 
the other B. Also mark the shaft position relative to the rollers. 
This relative position must be maintained when object is turned 
end for end (see Figure 1). 

(c) Set dial indicator at the end of the vibrating plate as shown 
on Figure 1. 

(d) Adjust the natural frequency of the vibrating head to the 
designated balancing speed by moving weights W, Figure 18. Read 
the speeds at the end of the mandrel by means of an accurate hand 
tachometer, also read head oscillations on the dial indicator. The 
balancing speed is ascertained when the dial indicator shows the 
greatest oscillations. If the oscillations due to unbalance are too 
great, apply friction clamping by tightening clamp plates D, 
Figure 18. 
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(e) Set balance clamp on the vibrating end at position A; with 
compensating weights W, and W. at their neutral position (see 
Figure 19). 

(f) Locate heavy spot of the vibrating end. The method used 
for finding the heavy spot is discussed later. 

(g) Measure and log dimensions as shown on Figure 5. 

(h) Set the clamp arm I (see Figure 20) opposite the heavy side 
and move the compensating weights W; and W: until dial indica- 
tions show little or no motion of the vibrating head when the object 
is revolving at or through the balancing speed. Log displacements 
X; and of the compensating weights W; and and mark the 
angular position of the clamp on the shaft with surface gage. 

(i) Remove the clamp and place it at position “ B.” 

(j) The propeller and mandrel is turned end for end, putting 
“B” end on the vibrating support, and the unbalance at the clamp 
position B, is determined. 

(k) Mark the angular position of the clamp and measure angle @ 
between the clamp positions A; and B:. Various methods are used 
to find the “heavy spot,” relative to the high spot. One direct 
method is to use a vibrometer having stroboscope and phase indi- 
cator attachments such as the Davey (see reference 5). There are 
various trial and error methods. The rapidity of determining the 
heavy spot relative to the high spot depends on the experience of 
the operator. 

For a vibrating system such as shown in Figure 1, it is a mathe- 
matically proven fact that if a piece of chalk is held very close to a 
revolving shaft vibrating under the influence of an unbalanced 
force, the chalk will scribe the heavy side when the shaft runs below 
the synchronous speed, it will scribe the light side when running 
above the synchronous speed, and when exactly at the synchronous 
speed, it will scribe a spot which is 90 degrees behind the heavy side. 
This fact is shown by Figure 20. The slope of the curve of Fig- 
ure 20 depends on the amount of damping within the balancing 
head. The spot scribed by the chalk is here called the high spot. 

Figure 20 shows that chalking the high spot at synchronous 
speed is misleading due to the quick change in the angle of lag be- 
tween the high spot and the heavy side for small changes in R.P.M. 
of the revolving object. 
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Some operators prefer this method of chalking, as it is seen in 
Figure 21, the largest oscillations occur at synchronous speed thus 
facilitating chalking by hand. The heavy side is then assumed to be 
90 degrees ahead of the high spot and the clamp is set accordingly, 
pending finer adjustments during the process of balancing. 

While Figure 20 shows desirability in chalking the high spot 
above or below the synchronous speed, due to the slow change in 
the angle of lag, Figure 21 indicates that chalking by hand above 
or below synchronous speed is difficult due to the small oscillations 
of the vibrating head. 

In the above case, a vibrometer designed to indicate very small 
vibrations having a phase indicator attachment is necessary. 

A more methodical cut and try method, but rather long for locat- 
ing the heavy side, is based on the amplitude indications of a dial 
indicator as follows: 

A small unbalance is put on the clamp by moving one weight 
midway on its arm. The maximum amplitude of the oscillations at 
the synchronous speed is recorded at four clamp positions, 90 
degrees apart. At the quadrant of minimum vibration, take ampli- 
tude readings at smaller angular adjustments until a point of mini- 
mum vibration is found. The compensating weights W; and W.2 
are then moved until the body is balanced. After the displacements 
of the weights W; and We are ascertained, the unbalance correc- 
tion Fa; and FB, at the clamp positions A and B are computed by 
using formulae 12 and 13. 

If corrections Fa; and FB; were made at the clamp positions 
A and B, the body would still be out of balance. This fact is not 
readily understood by some operators. 

The basic principle in balancing rigid bodies between two sup- 
ports A and B is to hold A fixed and determine the correction at 
the vibrating support B, hold B fixed and determine the unbalance 
at the vibrating support A. Any unbalance at the point of fixed 
support will have no influence on the vibrating support. If the 
corrections are made as found on the supports A and B, and both 
supports allowed to oscillate, no vibration due to unbalance would 
result, i.e., the body is in static and dynamic balance. 

Assuming that corrections were made at the clamp positions A 
and B (see Figure 5), equal to Fa; and Fs, and the body checked 
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for balance; when support B is made fixed and support A is free 
to vibrate, side A will be out of balance by the amount affected 
by the presence of Fx; at point B away from the fixed support B. 
When side A is made fixed and side B free to vibrate, side B will 
be out of balance by the amount affected by the presence of Fa; at 
point A, away from the fixed support A. It is, therefore, important 
that the corrections Fa; and Fs, obtained at the clamp positions 


be transferred to the supports. This is accomplished by using 
formulae 6 and 7. 


APPENDIX IT. 


LIST OF SYMBOLS, REFERENCES, AND PROCEDURE FORMS. 
List of Symbols. 


A and B = Center line positions of support bearings 
or rollers. Also, axial planes contain- 
ing Fa;, Ra, Rak, Rca, in the A axial 
plane, and Rs, Rai, in the B 
axial plane. 

A, and B; = Clamp positions. 
a, b,c = Dimensions in inches (see Figure 12). 

a, b = Dimensions in inches measured from the 
supports A and B, respectively, to the 
center of gravity of propeller and man- 
drel (see Figure 13). 

Dc = Existing dynamic residual moment of a 
couple in ounce inches?. 

d, g = Dimensions in inches (see Figure 5). 

e = Moment arm in inches of the unbalanced 
couple taken as the horizontal projected 
width of the propeller blades (see Fig- 
ure 13). 

F = Centrifugal force factor in ounce inches. | 

F = Centrifugal force causing unbalance in 
pounds. 

Fs = Static centrifugal force in pounds. 

Fd = Component centrifugal force forming a 

dynamic couple in pounds. 
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Fr = Allowable centrifugal unbalance force in 
pounds. 

FA, and Fs; = Allowable unbalance at the clamp positions 
A, and B, in ounce inches (see Form 
II). 

Fa, and FB; = Unbalance determined by the clamp at 
positions A; and By, respectively, in 
ounce inches. 

f = Distance between center lines of supports 
A and B (see Figure 5). 
h =.0o1 = bad = Ratio of the weight of the propeller in 
Fr pounds to the allowable centrifugal 
force in pounds. 


K and L = Correction planes or transverse planes 
where unbalance corrections are made. 
K and L also designate points on the 
revolving axis in the planes K and L. 
K = Constant = .000001776. 
m = Any moment arm in inches. 
n= Maximum rated R.P.M. of propeller. 


n= R.P.M. of propeller at which the centrif- 
ugal force is considered. 
P = Any unbalance correction in ounce inches. 
P; and P2= Components of P lying in same transverse 
plane. 
PL = Resultant of Rat and Rca in the L plane 
(ounce inches). 
Px = Resultant of Rak and Rcs in the K plane 
(ounce inches). 

Pi! and PK! = Unbalance corrections in ounce inches 
equal and opposite to PL and Px. The 
prime sign indicates material removed. 

Pi}, and PL’; = Components of Pt! in ounce inches lying 
in the correction plane L. 

Px!, and Pk’, = Components of Px! in ounce inches lying 
in the correction plane K. 


| 
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r = Radius of circle in inches containing the 
center of gravity “ W.” 
tT = Radius in inches, containing the center of 
gravity of W. 
r, and rz = Radii in inches containing the center of 
gravity of Wi and We. 

1 Ky, f Ke, Ly, f Le = Radii in inches containing the center of 
gravity of WkKi, WkKe, WL; and WI», 
respectively. 

Ra and Rs = Allowable unbalance in inch ounces, at 
support positions A and B, respectively. 
Ra and Rs = Unbalance in inch ounces at support posi- 
tions A and B, respectively. 
Rat and Rcs = Rs components at correction planes L and 
K, respectively (in ounce inches). 
Rak and Rca = Ra components at correction planes K and 
L, respectively (in ounce inches). 

Sc = Existing static residual unbalance acting 
at the center of gravity of the propeller 
in ounce inches. 

W = Unbalance weight in ounces, concentrated 
at radius r. 


— 


W = Allowable unbalance weight in ounces at 
radius r in inches, causing unbalance F. 
W, and W. = Unbalance correction in ounces, resulting 
from P; and Ps, each having their cen- 
ter of gravity in the same transverse 
plane. 

Wk; and Wk2 = Correction weights in ounces resulting 
from Px!, and PK‘, each having their 
center of gravity in the correction 
plane K. 

WL, and WL2 = Correction weights in ounces resulting 
from Pt}; and PL1s, each having their 
center of gravity in the correction 
plane L. 

Wr = Weight of propeller in pounds. 


he 


of 
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Wr = Total weight of propeller and mandrel. 
Wa and Ws = Weight reaction in pounds at supports A 
and B (see Form II). 
W;, and W2 = Movable weights of clamp, in ounces (see 
Figure 19). 

(Wr)r = Allowable residual static unbalance in 
ounce inches, acting at the center of 
gravity of propeller. 

XA; and XAz = Displacement in inches of movable clamp 
weights W, and Wz on each side of the 

clamp for position A}. 
XB; and XB, = Displacement in inches of movable clamp 
weights W, and Wz on each side of the 

clamp for position Bj. 

X, and X2 = Displacement in inches of movable clamp 
weights W,; and W2 when at any posi- 
tion of clamp. 

‘a = Angle in degrees measured from the axial 
plane A giving the direction of PK (see 
Figure 12). 

6B = Angle in degrees measured from the axial 
plane B giving the direction of force 
PL (see Figure 12). 

6 = Angle in degrees between the axial planes 
A and B, axial plane A contains Fa, 
and also Ra. The axial plane B con- 
tains FB, and also Rs. 
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Form 1 


PROCEOURE TO DETERMINE THE WEIGHT OF UNBALANCE IN A PROPELLER 


WraWe are the result 


te Leare distances in inches 
respestively on each side of the clamp, (See tig. 19) 


ant weights in ounce inches te be placed at radii Yk a Mrin correction 
plenes K aL at angles ad & 6 measured from the avial plones Aa B respectively. 


Wi «We are weights at beth sides of the bolance clamp. (ounces) 
that Wi « We are moved from their neutral position 


fs 


a 
J 


Far a Fer are forces in ounce 
inches 


FraaRe are forces in ounce inches 


Rs at the supports AaB 


Fig. 1 


Px are the, resul tant 
correction planes Ka 

Wr We and are weights 
of material removed, at radii 


lying in correction planes Ka 


the p positionsAia 


respectively] 


Choose twe correction planes K and L within the propeller and Log dimensions 
shown in Fig. I above. 


Fel = 


Ria = 


an Fa s 


= RatReae 


Fea s Retr Ree= 


A Fig. B 


- 


FAngle between |Lesking trem A to when plone | 
Clamp positions | is te the right of plane A. 
Fig. 
Ke 
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Leeking from Are& when plane B 
is te the left of plone A. 
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FORM L- continueo 
PROCEDURE To DETERMINE THE WEIGHTS OF UNBALANCE INA PROPELLER 


Replace Pre toy ond Pke in correction plane’ and alse replace PL by Pus 
and. Pus in correction plane’ L. The directions of the components are te be 
such thatmaterial con conveniently be chipped on the beck side of the 


propeller blades. 
Fic. Fig. 
Leeking from draw Leeking from B te A draw 
components in the" plone. compenents in the'L’ plane. 


Choose My, Are such that the material con be removed as far as pessible 
from the axis of retation, and evaluate the correction weights. 


Wa Wu = 
Fig. VW FIG. 
Lecking from AteB draw Leeking from B® toA draw 
components in the*K’ plone. components in the plone. 


The material removed from the back side of the blade should spread 
large eran we possible, so that the blade curface will not be 
enon 
weight to be re = Volume to be removed where 
materia . 


nai 
"K's the weight per unit volume 
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Form II 
PROCECURE To DETERMINE THE RESIDUAL UNBALANCE INA PROPELLER, 


CONDITIONS FOR A SATISFACTORILY BALANCED PROPELLER ARE AS Fo.tows. 
= Allowable unbalance at support positions Ae B (ounce inches.) 

Fas & FeizAllowable unbalance ot clamp positions A; (ounce inches ) 

Xa.aXaz=Displacement of movable weights W, &Wz on each side of the clamp for position A,. (inches) 

Displocement of the clamp weights W, aW, on each side of the clamp for position By.(inches) 

W, Movable weights of clomp (ounces) 

Wa = Weight reaction at supports A B lbs. 

IW = Weight of propeller and mandrel (ibs) 

x 


Fie. 


Farm Xar + WazWe= 
Fa= Kar Wi + Kee W2= 


Step(b)—— Find C.G. and (see fig 

Tn determing the C.G. itis first necessary to obtain the total 
revolving weight" Wr. The propeller and mandrel is then placed as shownin 
fiq. K ,one end supported ona knife edge ot point"A” the other suspended 
froma scale at point” B’, It is important that the distances fand Qin 
fiq.X are equal to £ and Q of fig. IKK . The €.G. onthe axial centerline, 
located by distances "a" and” b"is then obtained by using the fol lowing, 
Reaction Ws = Scale reading 
Reaction Wa = Wr —Ws 


We 
Wr Wr 
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FORM II (continued) 
PROCECURE TO DETERMINE THE RESIDUAL UNBALANCE IN A PROPELLER 
Step (c 
( ) To determine Sc ond De 


obtained by vector summation. 


Leeking from A te B in fi . 
When Fis is te the right of 

The value and direction of Sc 
acting at the center of gravity and 
the value and direction of De with 
respect to position Aare obtained as 

follows: 


From the values Ra, Re,d.b, Q and e, the values of Sc and De are 


Sc#Vector sum , Ra+ Fe 
De =Vector sum, see fig.XI and. below. 


Leeking from A teB in IK 
When Fis is to the lett of Fa 
The value and direction of Se 
acting at the center of grovityand 
the value and direction of De with 
respect-to positionA are obtained as 


follows:= 


Ww. 
5630 


tep a, 
Akimoff 


° Ww, Wpxe ‘ 
Sez end S630 The ler ced. 
Note * 


b,c endd. in the above proced sed. when a simple head and clamps 


steps ore olimineted. 


Fig Fig- XI 
Se Sc 
- 
x 
Ra le Ra 
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NOISE AND VIBRATION ON NAVAL VESSELS. 
By L. Kien, Ph.D. 


Doctor Klein, attached to the staff of the Naval Research Labora- 
tory, Anacostia Station, D. C., here examines into the production of 
noise on board ship through the medium of machine and structural 
vibration. He points out that while the torsional oscillations and 
critical resonances of propellers, machines, and structures are being 
most thoroughly studied, the sound generating possibilities of all 
these dynamic systems still need to be studied and correlated. As 
he points out qualitatively some of the existing relations, and indi- 
cates likely methods of sound reduction, the article is recommended 
to all engineers now interested in some special form of sound 
abatement. 


INTRODUCTION. 


The complaint that certain parts of our ships are too noisy for 
comfort and efficiency is unanimous. Besides the obvious tactical 
disadvantages of generating noise and vibration in the water, there 
is ample evidence to show a decrease in operational efficiency of 
machinery and men due to these disturbing factors. Resonant 
vibrations are in many cases responsible for certain material 
failures. For example, turbine discs have been known to shatter 
due to resonance. Investigators the world over have concluded in 
effect that a man on watch who is exposed to constant loud noises 
is apt to have impaired hearing ; that he is unable to concentrate on 
a given task and that noise interferes seriously with his efficiency ; 
also, the nervous system is strained in attempting to overcome the 
effects of noise. Wear and tear on the nervous system bring about 
functional disorders, reduce productive power of personnel and thus 
endanger our ships at sea. 
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On the other hand, considerable proof has been adduced to indi- 
cate a definite improvement in working efficiency and mental ease 
by suppression of noise. One well known instance is the rise in 
efficiency of office workers as a result of modern soundproofing and 
absorption. The passenger ships and air lines which have reduced 
vibration discomfort are steadily gaining in popularity. 

In view of the existing conditions on naval vessels, it seems 
desirable to examine the progress and improvements made in indus- 
trial noise and vibration reduction. These investigations have 
brought forth better materials and processes for noise elimination 
in the home and factory. To cure the acoustic ills on shipboard by 
the proper application of the available material and methods re- 
quires careful study and tests under various operating conditions. 
Therefore, in this cursory discussion, it is proposed, in a descrip- 
tive manner, to examine, diagnose and prescribe for the quieting of 
naval vessels. 

To benefit by the experience of commercial noise and vibration 
elimination, it is essential first of all to realize and understand the 
uniqueness of the problems on shipboard. The service requirements 
are twofold: 

(1) To suppress noise and vibration on board for the benefit of 
men and machinery and thus increase operational efficiency. 

(2) To prevent detection due to the transmission of vibration 
into the water through the hull, and to minimize the generation of 
sound by the propeller and associated external parts of the ship. 

To evaluate these requirements effectively, it is necessary to have 
clearly in mind certain principles involved. Upon these we now 
digress. 


VIBRATION SOUND AND NOISE. 


Every vibrating part of a ship is a potential source of sound 
waves which may be felt within the ship or may be detectable outside 
the ship. The term “sound” is here used to include audible and 
inaudible vibration frequencies which are propagated through a me- 
dium by virtue of its elasticity and density. “ Noise” is a subjective 
effect and depends upon individual reaction and discrimination. In 
this discussion its meaning is limited to shipboard sounds which are 
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annoying, unpleasant, and unwanted. On a war vessel an added 
disturbing factor of noise is the danger of its being heard by an 
enemy listener. 

All types of wave motion may be traced to some form of vibra- 
tion. Sound energy is transferred in wave shape and at a fixed 
speed from one place to another or from one medium to another 

The velocity in each medium depends upon the elasticity and 
density of that medium to another. For example, the velocity of 

sound in air is about 1100 feet per second, in water 4800 feet per 

second, and in steel it is about 16,000 feet per second. A sound 

wave, passing from one medium into another, suffers a series of 
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changes. The energy of the wave may be (1) reflected, (2) re- 
fracted (changed in direction), (3) transmitted, or (4) absorbed. 
These terms are illustrated in Figure 1. The meaning of absorp- 
tion is often confused. To illustrate, it is desired to quiet a ship’s 
compartment in which blower noises reverberate and create objec- 
tionable disturbances. To correct this difficulty, the inside walls 
(including hull plating) of the enclosure are lined with sound 
absorbent material. An improvement is effected because, according 
to the acoustician, “absorption” of the material eliminates reflec- 
tions from the interior space. Actually, a considerable portion of 
the sound energy incident upon the absorbing material enters the 
pores and is passed through it. This transmitted wave energy 
impinging upon the hull plate causes the latter to vibrate and to 
generate subaqueous sound. Therefore, the so-called “ absorbing ” 
material accomplishes its purpose in a double step. First, a certain 
amount of energy possessed by the vibrating air particles is ab- 
sorbed in friction and heat while the waves are passing through the 
interstices of the porous material. The rest of the sound energy 
which is not reflected is transmitted. Usually, and in most circum- 
stances, this process of suppressing noisy reflections in a room is 
satisfactory. However, the requirements of the naval problem de- 
mand that “ absorption ”’ be limited strictly to its scientific meaning, 
i.e., energy dissipated by friction and heat. The transmitted energy 
must be treated and accounted for separately. 

When dealing with ships’ vibrations, particular attention should 
be paid to the relative propagation of sound in air and in water. 
Figure 2 illustrates the practical need for this careful distinction. 
It also indicates again how “ absorption” may. be misunderstood. 
Let the steel plate (in Figure 2a) represent a portion of the hull, 
the under side of which is in contact with the water. In normal 
operation, even a well balanced motor-generator having little 
windage noise sets the hull plate in vibration when the latter is 
bolted securely and metallically to the machine. The amplitude of 
this vibrating hull plate is the same on the air side as on the water 
side. Now suppose there exists an acoustic device (microphone) 
which at all frequencies is equally sensitive to sound pressures in 
air and in water. This microphone, located at a fixed distance from 
the vibrating hull plate in air, registered one unit of pressure. On 
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the same microphone, when placed in water equally distant from the 
plate (other conditions assumed not to vary), the pressure read 
about 60. In terms of sound power, the ratio would be about 1 to 
3450. Due to the annoyance caused by this machine in and near the 
compartment where it was operating, commercially designed absorb- 
ing pads were placed between the motor base and the steel hull 


Fig.2 
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(shown in Figure 2b). The efficacy of this particular vibration 
absorber was tested with the same microphone and in the identical 
positions. In air, the pressure registered about one-third of a unit. 
The pressure reading in water was approximately 100. The ab- 
sorbing mount fulfilled the usual requirements of reducing the air 
noise near the machine and diminishing the vibration of the bulk- 
head structures adjacent to the machine. However, this improve- 
ment was effected mainly by transmitting the vibrational energy 
rather than by damping or absorption in the elastic support. In 
other words, the isolating material made possible greater transmis- 
sion through the hull. This type of vibration elimination will be 
discussed more fully later. 


CAUSES AND EFFECTS. 


A solution of the immediate sound problem entails the coordina- 
tion of scientific data on the transmission and absorption properties 
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of materials in their application to naval use. Considerable investi- 
gation needs to be made in the adaptability of certain commercial 
products to shipboard installations. The complexity and variety of 
the latter may be gleaned from the partial list of sound source 
shown below. 


PARTIAL LIST OF NOISE AND VIBRATION SOURCES ON NAVAL VESSELS. 


Forward Amidship Aft 
Torpedo air compressor Fireroom blowers Reduction gears 
Ventilating system Ventilating system Steering mechanism 
Generators S/M hydraulic system Diesel engines 
Pumps Pumps Tail shafting— 
Fathometer S/M battery vent fans thrust bearings, etc. 
S/M bow planes and for- S/M turbo-blowers Ventilating system 

ward shafting S/M diving plane shafting Generators 
Turbines 
Pumps 
S/M stern planes 
and aft shafting 


By a comprehensive knowledge of the fundamentals involved, it is 
possible to predict whether some new installation in a ship’s com- 
partment will generate undesirable noise and vibrations, and the 
likelihood of suppressing them. The probability of correcting exist- 
ing conditions is also within the ken of engineering practice. Even 
the task of measuring propeller vibrations indicates achievement and 
progress. However, the approach to a satisfactory practical solu- 
tion of this complex problem should be made through planned 
experiments and sound surveys on different types of vessels. In 
this connection, it cannot be too strongly emphasized that vibra- 
tional energy of any part of the hull is most readily converted into 
subaqueous sound. A ship, as a whole or in part, is an elastic 
structure which is subjected to periodic disturbances by a variety 
of forces. Considerable sound energy is transferred to the air and 
into the water from such relatively large areas as bulkheads, hull 
plates, propellers, and shafts, even though their amplitudes are of 
the order of a wavelength of light (10~* cms.). These plates act 
like drums and sounding boards—they may set whole compartments 
into resonant vibrations. It takes a tiny bit of energy to generate 
sound, but to control or suppress an unwanted portion of this sound 
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requires more than ordinary effort and engineering skill. A well 
known example illustrates this point. Should all the people in the 
United States talk at the same time in a moderate conversational 


tone, the energy generated would be just sufficient to operate a 
100-watt electric lamp. 


AIR-BORNE NOISES. 


As previously stated, the total noise on board is very complex due 
to the multiplicity of sources which contribute to its make-up. 
However, the most objectionable air noises which often interfere 
with communications and other listening activities are the disturb- 
ances produced by blowers, fans and ventilators. Turbulence, im- 
proper flow conditions, and disregard of structural and cavity 
resonances in original installation are responsible for much of the 
noise and vibrations of fans and blowers. Improvement in aerody- 
namic and mechanical designs tend not only to increase the oper- 
ating efficiency of fans, but also to decrease their noise. This was 
demonstrated by the recent investigations on General Electric 
Aphonic fans. Again it is desired to point out the minuteness of 
energy which is converted into sound. For, it should be borne in 
mind that increase in blower efficiency is due to an improvement in 
design and not because sound energy has been reduced. 

A great deal of unwanted sound on board is traceable to mag- 
netic and windage noise in electrical machinery, hydromechanical 
devices and gear meshings. All of these may be reduced by mini- 
mizing faulty construction, chattering, ill-fitting parts and the like. 
A minor change in the design of a machine will occasionally show 
a marked reduction in its noisiness. This is exemplified in the stag- 
gered construction of the rotor in an induction motor. The 
hydraulic mechanisms with their high pressures, long lines and 
rigid metallic connections between driver and driven create and 
spread noise and vibrations. They are indeed subject to improve- 
ment. Even gear noises may be attributed largely to lack of smooth- 
ness and accuracy in the teeth. And modern gear cutting technique 
is another illustration of reduction in noise with increased mechan- 
ical efficiency. Hence, it seems likely that progress in noise reduc- 
tion may be expected through the advancement of engineering and 
greater efficiency in design. 
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Regarding the inherent noise and vibration of machinery used on 
shipboard, it may be stated that for the most part they are com- 
paratively low. Individual machines, when tested under proper 
conditions, are reasonably quiet. The specifications are sufficiently 
rigorous and exacting to demand from the manufacturers apparatus 
as noiseless as is afforded by the progress of a particular industry. 
However, the different types of machines with their varying 
amounts of inherent noise all operating in one space make the job 
of quieting that particular space almost impossible unless each 
machine can be silenced to the lowest required level. Unfortunately, 
the resultant effect upon the ear of quieting some machines in a 
group is not directly proportional to the number silenced. That is, 
the elimination of one intense source from two existing equal 
sources makes the improvement negligibly small. For example, if 
in the presence of one hundred equally noisy rattles all operating 
simultaneously fifty of them were suddenly silenced, the normal 
human ear would maintain that at least 86 of the rattles were still 
going strongly. Another striking illustration is the airplane. Sup- 
posing that the sound due to the propellers as heard in an open 
cockpit were reduced 99 44/100 per cent, the noise would still be 
louder than a very active boiler factory. 

For the reduction of air-borne noises, the possibility of acoustic 
treatment in certain cases cannot be overlooked, yet general appli- 
cation of sound materials on shipboard is at present not entirely 
practicable. The consideration of weight alone would prohibit the 
use of these substances on many types of ships. For example, to 
effect an appreciable improvement on board by sound absorption 
requires approximately one pound per square foot of absorbing 
area. Nevertheless, there are installations where most of the air 
noise comes from relatively few compartments. By properly treat- 
ing these few spaces, the acoustic conditions throughout the ship 
would be improved. Other special applications, such as lining 
ventilators and silencers, segregating and isolating voice tubes and 
pipes, and occasionally enclosing a machine or space, bring various 
acoustic materials into naval practice. Therefore, by making 
optimum use of the different available materials, air-borne noise 
can be reduced to a reasonable level of comfort and efficiency. But 
no consistent improvement need be expected unless each noise prob- 
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lem on board is treated from an acoustic as well as from a struc- 
tural point of view. The fact that air-borne sounds are not likely to 
be heard for any distance outside the vessel is fortunate for the 
strategist. 


STRUCTURAL-BORNE NOISES. 


A machine radiates sound directly into the air which the ear or 
other listening device can detect. The character of this direct air 
noise and vibration originating in the machine may be identified 
with its speed of rotation, gears, blades, cups, magnetic frequency, 
lobes, etc. The same machine may be responsible for the annoying 
sounds in some far off compartment in the ship because the sup- 
porting structure, to which the machine is rigidly fastened, is an 
excellent conductor of vibrations. The foundation, deck plates, 
bulkheads and hull plates carefully jointed and welded together 
form an ideal path for the transmission of mechanical vibration. 
Each of these different plates is capable of many types and modes 
of vibrations. Therefore, in its passage, the sound from the base oi 
the machine may excite in these various plates a group of resonant 
frequencies which are perhaps in no way related to the machine’s 
characteristic frequencies. In other words, the noise in the distant 
compartment is traceable to a given machine, but neither the fre- 
quency components of the noise nor their intensities may be char- 
acteristic of the machine supplying the vibrational energy. Further- 
more, the vibrations from the various machinery, traveling along 
numerous paths, are amplified by cavity and structural resonances, 
finally reach the hull plating and the water. At present there is no 
definite correlation between the existing complex noise and vibra- 
tion inside the ship and the frequency-intensity sound spectrum 
emitted by the ship and picked up through the water. 

The structural sound picture is complicated but the remedy 
seems obvious. Just prevent any vibrations from reaching the metal 
supports by isolating each machine. This method also affords the 
opportunity of treating individual noisemakers while their oscilla- 
tions are small and localized, before they have a chance to spread 
and be amplified. Many forms of isolators are now commercially 
available. The claims for these diverse machine mountings are at 
times exaggerated. Some vibration eliminators are not only use- 
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less on shipboard, but increase the transmission from machine to 
support. Theory and experiment have shown that the vibrational 
energy transmitted through an intervening resilient material can 
vary between a negligible amount and a quantity greater than that 
measured when the machine was bolted directly to the base. 
Therefore, if the success of quieting naval ships is conditional upon 
our ability to eliminate noise and vibration from the power plants 
and auxiliary machinery, it is urgent that a careful investigation 
be made to determine the value of different types of isolators and 
to apply each most effectively. 

In principle, there are several methods of controlling the trans- 
mission of a machine’s vibrations to the supporting structure. 

(a) The boundary, where the machine joins the foundation, may 
reflect all the sound energy incident upon it. This can be effected 
provided the acoustic properties of the support are markedly dif- 
ferent from those of the machine assembly. When sound waves 
are propagated in one medium and suddenly encounter another 
medium, the amount of energy reflected and transmitted by the 
second medium depends upon the relative physical characteristics 
of the two media in question. For example, there is practically 
complete reflection when sound in air impinges upon water, or vice 
versa, whereas when sound waves pass from water into wood, only 
about 15 per cent of the energy is reflected and 85 per cent enters 
the wood. Hence, if it were possible to secure a machine to the 
foundation through a rigid-walled-air cell, all the vibrational energy 
would be reflected at the interface and remain in the machine. 
Most of it would be dissipated by internal multiple reflections. 
This form of isolating the disturbance is equally effective at all 
frequencies encountered in service operation. Many elements of 
this hypothetical method are utilized in practical elimination of 
unwanted sound. 

(b) Figure 3a illustrates a means of completely neutralizing a 
machine’s vibrations of constant frequency. By the addition of a 
small vibratory system K (mass of M about 2 per cent of the ma- 
chine) whose natural frequency is identical with the disturbance of 
the machine, it is possible to maintain the latter absolutely at rest. 
Mass M so vibrates on its spring as to oppose at all times the 
oscillatory motion of the machine, whose small amplitude is trans- 
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formed into large swings of M. Theoretically, no energy is dissi- 
pated by K. This form of vibration absorber has been suggested 
for every type of ship’s vibrations, such as longitudinal, transverse, 
flexural and torsional, in which the annoying frequency is prac- 
tically constant. 


F ig. 
(a) 
MOTOR MOTOR 
GENERATOR GENERATOR 
WATER WATER 


(c) In contrast with the preceding method, the idea of dissi- 
pating most of the machine’s vibrational energy is sketched in 
Figure 3b. If the plunger has just sufficient clearance in the dash- 
pot, then the work done per cycle represents the vibrational energy 
of the machine which is converted into heat. In principle, this 
absorber is independent of the machine’s likely frequencies. 

(d) The common form of isolator or vibration eliminator used 
for insulating machinery from its foundation is a pad or series of 
pads (Figure 2b) which in effect combine the spring and dashpot 
as well as the abrupt change in the acoustic properties of the media. 
These pads loaded by the machine together form a vibratory sys- 
tem which has a definite natural frequency. The relation of the 
disturbing frequency (the machine’s forced vibrations) to the 
natural frequency of the suspended system (machine on pads) 
determines the efficacy of the isolator as a preventive against 
transmission of vibration to the support. As an illustration, con- 
sider the motor-generator shown in Figure 2. By acoustic meas- 
urements it was determined that this machine, when operating in a 
given compartment, transmitted torque pulsation at 120 cycles per 
second and a series of lower frequencies due to mechanical unbal- 
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ance. The amplitude of the support was most seriously affected by 
the dominant 120 cycle note. Elastic pads were so designed that 
the natural frequency of the machine upon them was 20 cycles per 
second. This installation reduced the 120 cycle amplitude in the 
supporting structure to about 1/35 of its original value, i.e., when 
the machine was bolted rigidly to support. If the resilient mounts 
were chosen to make the natural frequency 15 instead of 20 cycles 
per second, the decrease in amplitude would have been in the ratio 
of 1 to 63. In selecting a natural frequency for the suspended 
system, great care should be exercised to avoid other forced oscilla- 
tions and critical speeds of the machine. Moreover, the resistance, 
or damping properties, of the isolating material which reduces 
transmission to the base at resonance but increases it at frequencies 
above resonance would be a determining factor in mounting a par- 
ticular apparatus. Frequently the extent of the machine’s allowable 
motion will limit the period and dictate the composition of the 
cushioning substance. Although a machine will remain practically 
stationary when mounted on a properly designed flexible support, 
yet requirements of rigidity and precise alignment in shafting often 
eliminate the use of elastic mounts on board. 

Thus it is apparent that in applying anti-vibration devices to 
shipboard machinery, each factor must be carefully considered. 
Choice of type and composition of isolator should be governed by 
local conditions as well as by the fundamental principles outlined 
above. The great diversity of mechanisms encountered on naval 
vessels, and the wide range of frequencies required to suppress, 
prohibit the selection of any one spring mount as suitable for gen- 
eral service. Combinations of numerous resilient materials are 
available as elastic supports, but the presence of oil and water in 
certain machinery spaces together with extreme temperature and 
humidity conditions obtaining on board preclude the use of many 
of them. Therefore, suppression of structural vibrations caused 
by machinery implies proper and studied use of materials for the 
reduction of air-noise and the prevention of spread of sound energy 
through solids. After all, the ultimate naval purpose is not served 
if a detectable amount of sound is allowed to escape the ship and 
enter the water, even though the inside of a vessel is made rea- 
sonably quiet. 
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Noises External and Associated. To.the designer and construc- 
tor, hull vibrations generated by the propeller and its associated 
parts have been of more serious concern than the machinery noises 
heretofore discussed. And, with modern measurement technique, it 
is quite likely that the acoustical engineer will also be able to trace 
most of the subaqueous sound emitted by a ship to the same 
sources at the stern of the vessel. At present the origin of iden- 
tifying characteristics in a ship’s complex sound spectrum is not 
well defined. The hydrodynamical interactions between the hull 
and propeller have so far hindered quantitative acoustical studies. 
Even the many excellent investigations dealing with hull and pro- 
peller vibration measurements have as yet not been translated in 
terms of the vessel’s sound spectrum in the water. In other words, 
scientific correlation of the noise inside and outside the ship is en- 
tirely lacking. Nevertheless, the causes which contribute to this 
perplexing problem are known, though not always understood. 
Consider some of these. 

(a) Besides the propeller vibrations due to operational force and 
torque reactions, there are produced intense noises on or near the 
blades due to the formation of partial vacuum cavities and their 
collapse with an abrupt change in local pressure. This phenomenon 
is known as cavitation, of which there are many forms. It is esti- 
mated that the pressure reaches hundreds of tons per square inch 
when a vortex cavity suddenly breaks down. The pitting of metal 
blades is attributed to this tremendous collapsing force. It is prob- 
able that propeller studies from the acoustic point of view will even- 
tually bring forth a quiet propeller. In the meantime, cavitation 
and consequently subaqueous sound, may be reduced by the elimina- 
tion of direct drive, resulting in lower propeller speeds. This 
change would also make possible flexible mounts under such types 
of propelling machinery which now demand extreme rigidity. 

(b) Hull turbulence and eddies in themselves contribute an un- 
known (perhaps small) amount of noise in the water. However, 
the production of eddies is a form of instability and as such the 
hull becomes susceptible to violent oscillations. Little is known 
concerning this instability as a likely sound source. It is noteworthy 
that the water surrounding a vessel plays a dual role concerning 
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ship’s vibrations. The water has a damping effect and prevents the 
hull from building up to great amplitudes when responding to some 
periodic disturbance. On the other hand, because it is an excellent 
sound conductor, water is a fine medium in which ship’s vibration 
can be easily detected and at long ranges. 

(c) The propeller shaft is the acoustic link between the vibra- 
tions inside the ship and the generation of subaqueous sound out- 
side. Asa rotating element, the shaft contributes to the noise of the 
vessel by virtue of its torsional vibration, critical speeds, and whip. 
Over these the designer has some control and is thus able to mini- 
mize vibrations. Acoustically, however, the main shaft presents 
serious difficulty. It acts as a perfect transmission line for any 
sound picked up along its length and delivers that energy to the 
propeller which radiates sound admirably into the water. The situa- 
tion can measurably be remedied by a break in the continuity of the 
metal shaft. Flexible couplings, even for large shafts, are not 
beyond the realm of possibility. 

Incidentally, the shaft and thrust bearing are among the numerous 
mechanisms on board which may suffer violent oscillations without 
involving the form of resonance generally attributed to such ele- 
ments. A perfectly balanced well-lubricated shaft running above 

its critical speed may suddenly begin to whirl and set up trouble- 
some vibrations. In this instance the vibrations are due to the 
breakdown and wedging action of the oil film. The same type of 
phenomenon occurs in many other cases such as poorly lubricated 
bearings; when a shaft whips because it is cramped by sleeves; 
where too much bearing clearance exists ; whenever the pressure on 
the various contacting parts of a thrust bearing are not uniform; 
chattering, hunting, etc. This form of vibration is termed “ self 
induced,” “ self excited” and “ relaxation oscillations,” and is very 
common in electrical communications. It recurs periodically in 
jumps and prevails under conditions in which negative damping 
appears in every vibrating cycle. In other words, self-excited 
vibrations exist whenever resistance to the motion of an element is 
in the same direction as is the motion. Ordinarily a reacting force 
is opposed to the direction of motion. High frequency noises are 
usually generated in this class of oscillations and the methods of 
suppressing them differs from the treatment of resonant phenomena. 
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EQUIPMENT AND MEASUREMENTS, 


To eliminate or to reduce undesirable vibrations on naval vessels 
requires first of all to identify the sources of trouble. Before any 
improvement can be effected, the extent of the unwanted noise 
must be determined. That necessitates sound measurements in all 
parts of the ship. The relative importance of the various annoying 
factors should be evaluated quantitatively according to accepted 
standards. Furthermore, since the magnitude and nature of the 
sound generated by a given mechanism depends upon its location in 
the ship, the method of estimating the acoustic “ nuisance value ” 
of a gadget should be beyond likely controversy. Hence, for sound 
measurements on naval vessels, the human ear is not considered an 
adequate instrument, notwithstanding the many excellent subjective 
methods, devices and means of interpretation now in use. The ear 
can serve only as an aural consultant. 

The choice of apparatus suitable for acoustic surveys on board as 
well as in the water is an important consideration. Only by the aid 
of proper equipments and judicious use of them can it be ascer- 
tained whether an assigned task is a success or a failure; whether 
certain specifications are fulfilled or merely alleged to be so. Here 
again we may be guided to a considerable extent by the industrial 
development and standardization of meters and methods for noise 
elimination. With the advance of sound measuring technique it 
becomes increasingly easier to trace and localize a complex source 
by analyzing its components of frequency and intensity. This is 
essential in order that corrective measures may be applied to a 
machine’s noise and vibration characteristics. Therefore, a sound 
meter (electrically adjusted to simulate the sensitivity of the ear, if 
desired), an analyzer and a series of microphones to cover the 
various needs of the service should be ample for any complete 
acoustic survey on naval vessels. 

Units of Measurement. The results of a survey will usually be 
expressed in “ pressures in decibels above the zero reference level ” ; 
it may be in power or intensity above a fixed level. In any event, 
the decibel is now a standard unit in the acoustic field as well as in 
other branches of communications. Many attempts have been made 
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to explain the decibel to those not accustomed to its use. Space 
does not permit another superflous exposition. 


SUMMARY. 


In a modern complex and highly mechanized warship it may be 
impossible to suppress all the undesirable noise and vibration on 
board, or to shield the vessel entirely from an enemy listening 
through the water. However, present day acoustics point the way 
to the attainment of reasonable quiet inside and a measurable pro- 
tection from the outside. Such likely achievements are worthy of 
serious consideration and effort. 
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A METHOD FOR DETERMINING THE CORRECT 
BURNING TEMPERATURE FOR FUEL OILS. 


By LizuTENANT ALBERT C. MurpauacH, U. S. N., MEMBER. 


Some years ago, before excessive refining dropped the commer- 
cial supply of the straight run crudes to its present low level, Com- 
mander G. B. Vroom, U.S. N., discovered the peculiar relationship 
between the fuel oils which caused their temperature-viscosity 
curves, when plotted on logarithmic paper, to all pass through a 
single point. He utilized this datum point in an ingenious way to 
produce what was known as the Vroom Diagram, which provided 
an easy method by which a determination of the burning tempera- 
ture for any fuel otl commercially available at that time could be 
made. With the prevalent and increasing use and availability of 
fuel oils largely made up of cracked residua, the common point in 
the logarithmic curves has disappeared, and the Vroom Diagram 
has become practically obsolete. The author of this article believes 
that he has discovered a substitute for Vroom’s datum point which 
bids fair to be as useful for the cracked oils, as was Vroom’s for 
the straight run crudes. While sixty determinations cannot be said 
to establish a law, it will be interesting and valuable to all operating 
engineers if wider experience and test demonstrates the correctness 
of the author’s observation. Lieutenant Murdaugh, recently at- 

tached to the Bureau of Engineering, believes that his use of the 

temperature-viscosity diagram in this manner and for this purpose 
is an original contribution, and the Editor of the JouRNAL will be 
pleased to receive any data or comment which tends to support or 
discredit the accuracy of the author's observation. 


With the now general use of fuel oils consisting partially or 
entirely of cracked residua, the maintenance of the proper atomiz- 
ing temperature within close limits has become of increased im- 
portance to the operating engineer. 
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Heating the oil to a temperature higher than that required for 
the optimum burning viscosity increases its tendency to form 
deposits in heaters and in the interior passages of burner tips or 
sprayer plates. If the oil is heated beyond its flash point unsteadi- 
ness in operation and widened spray angle with resultant flame 
impingement, may result. On the other hand, if the oil is insuff- 
ciently heated, atomization becomes coarsened, good combustion 
conditions are difficult to maintain, and excessive amounts of stack 
solids and fireside tube deposits are apt to be formed. 

Long experience has established 150 S.S.U. as the best viscosity 
for burning. This figure is prescribed by the Navy’s Manual of 
Engineering Instructions. At the Naval Boiler Laboratory com- 
bustion tests of special cracked oils and current contract oils, both 
East and West Coast, have indicated that while the optimum 
atomizing viscosity may vary slightly from oil to oil, 150 S.S.U. 
still represents a safe fair average. 

The question which confronts the operating engineer is, then, to 
what temperature shall the oil be heated to reduce its viscosity to 
150 S.S.U.? 

Early experience with cracked and blended fuels indicated that 
their temperature-viscosity curves when plotted on logarithmic 
paper no longer met at a common point, thus destroying one of the 
basic assumptions of the Vroom Diagram (Bureau of Engineering 
Form N. ENG. 264). Therefore, specifications for Navy fuel oil 
provided for viscosity determinations at two temperatures, in order 
that the slope of the viscosity-temperature line might be established 
in each case. ; 

To determine whether or not the proper atomizing and pumping 
temperatures could be estimated with sufficient accuracy for practi- 
cal purposes from a single viscosity determination the A-series of 
18 cracked fuel oils burned at the Naval Boiler Laboratory in 1934 
and all of the regular Naval contract deliveries from 1 July 1935 
to the present date were studied. 

The temperatures corresponding to 150 S.S.U. and 3000 $.S.U. 
were determined by plotting on the A.S.T.M. Viscosity-Tempera- 
ture Chart, using a conversion from Saybolt Universal to Saybolt 
Furol of 10 to 1. For the “ A-series ” of samples, viscosity deter- 
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minations at four or more points were available. For the regular 
contract deliveries viscosity determinations at 122 degrees and 
210 degrees F. were used. 

The accompanying Plate shows the results of these computa- 
tions plotted as atomizing temperature (temperature corresponding 
to 150 S.S.U.) and pumping temperature (temperature correspond- 
ing to 3000 S.S.U.) against viscosity at 122 degrees F. 

The temperature of 122 degrees F. was chosen as the standard 
for viscosity measurement because it has long been used for this 
purpose and it is the Commercial Standard temperature for vis- 
cosity measurement on heavy fuels. The Naval Reasearch Labora- 
tory has demonstrated in specific tests that considerable errors 
in reproducibility exist in fuel oil viscosity measured at lower 
temperatures. 

The 63 oils plotted in the Plate were chosen from among those 
studied to cover the viscosity range and show the widest variations 
encountered. Of these, 29 are all cracked and the remainder are 
blends in various proportions of cracked and straight-run residua 
plus lighter blending material. Geographically 32 are from Cali- 
fornia and 31 from Texas and Louisiana fields. It is believed that 
they represent a fair cross-section of fuel oils likely to be found 
commercially available at the present time on both coasts of the 
United States. 

It will be noted that on the double logarithmic co-ordinates of 
the A.S.T.M. Chart, the relationship between viscosity at 122 de- 
grees F. and atomizing temperature appears as a straight line. No 
greater variations from this line than those shown have been en- 
countered to date. Most of the fuels now being supplied the Navy 
have viscosities of from 50 to 65 S.S.F. at 122 degrees F. For 
oils in this range, then, a single viscosity determination should 
suffice to establish the proper atomizing temperature within + 3 
degrees F., sufficiently close for practical purposes. For more vis- 
cous oils, where the atomizing temperature is higher, the error 
becomes greater, but even for the most viscous Bunker “C” 
(300 S.S.F. at 122 degrees F.) it does not exceed + 5 degrees F. 

While it is evident from the curves that a single viscosity deter- 
mination at 122 degrees F. does not fix the pumping temperature, 
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corresponding to 3000 S.S.U., as accurately as it does the atomiz- 
ing temperature, accuracy is not here so essential. Therefore, the 
one determination combined with a suitable pour point, suffices. 
There is appended a table, based on the right-hand curve of the 
Plate, which may be posted conveniently for ready reference: 


Viscosity of oil at 122 Atomizing Temperature 


degrees F. (S.S.F.) degrees F. 
30 150 
35 155 
40 160 
45 164 
50 168 
55 171 
60 174 
65 177 
75 182 

100 189 
125 197 
150 202 
200 210 


300 221 
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A COMPARISON OF OPEN AND CLOSED BOILER 
FEED SYSTEMS IN MARINE INSTALLATIONS. 


By J. M. Lasperton, Lieut. Compr., U. S. N. RESERVE. 


In this article, Mr. Labberton, a technician in the Bureau of 
Engineering of the Navy Department has taken a hypothetical but 
perfectly practical set of steam conditions and computed a heat 
balance for a normal marine turbine installation operating with a 
closed feed system. Using identical conditions he has then com- 
puted the heat balance for an open feed system to demonstrate 
the negligible thermodynamic differential between the two. An 
alert operating engineer who has followed through the tempera- 
ture fall and rise of the condensate should be able to definitely 
improve the operation of his plant by comparing his own tempera- 
tures with the ideal theoretical temperatures given. 


The path traveled by the steam (or water) in any steam power 
plant is from boiler to turbine (or engine) thence to the con- 
denser and back to the boiler. This simple circuit requires a pump 
to force the water from the condenser to the boiler because of the 
higher pressure in the boiler. This is shown in Figure 1. 

The only conditions under which this layout will operate suc- 
cessfully are absolutely unvarying load and no leakage. If the 
load is decreased, the feed pump will scavenge all the water out 
of the condenser and put too much in the boiler, filling it com- 
pletely. If the load is increased, the condenser will fill with water 
and the boiler run dry. The effect of leakage is obvious. There- 
fore, this scheme, as it stands is impractical and must be compli- 
cated with additional apparatus to render it feasible. 

Figure 2 shows the layout with the necessary items added. These 
consist of a condensate pump, a surge or feed tank, and a boiler 
water level regulating or float valve. The boiler water level is con- 
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trolled here, by the float valve and the variations of the water in the 
circuit are compensated for by the surge tank. 

However, in marine installations, head room sufficient to obtain 
the necessary static head for the surge tank is not always available. 
Also this open surge tank permits the water to absorb much air 
from the atmosphere. This air, on entering the system, causes 
corrosion, particularly in the boilers or ecanomizers. 


Ficure 1. 


TURBINE | 


FIGure 2. 


From a corrosion standpoint, the impractical system shown in 
Figure 1 is best of all because it is “ closed.” Every effort is made 
to approach this system as nearly as practicable. Figure 2 shows 
the “ make-up ” water led into the condenser so as to de-aerate it 
as much as possible. 

A system has been evolved, in view of the desirable character- 
istics mentioned above, which does not permit exposure of the 
water to the atmosphere. This system does not necessitate all of 
the boiler feed passing through the condenser, yet takes advantage 
of the de-aeration effect of the condenser. Since air enters the sys- 
tem only through “ make-up ” feed water and leakage, the de-aera- 
tion required of the condenser is considerably less. 
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This arrangement is shown diagrammatically in Figure 3, in 
which the surge tank is closed completely from the atmosphere. 
The surge tank is kept at a temperature corresponding to approxi- 
mately one-half inch less vacuum than that carried in the condenser. 
It will be noted that the surge tank is connected to the condenser by 
means of a pipe, and since there is a difference in pressure, vapor 
and air will pass over to the condenser where the air will be 
extracted by the air ejectors. 


TURBINE} 
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The drain tank is kept at a temperature corresponding to a pres- 
sure slightly below atmospheric. The manner of maintaining this 
temperature will be covered during the consideration of an actual 
case, this being the controlling factor in the operation of this com- 
pletely enclosed system. 

A ship will be considered having propulsion machinery of 50,000 
Shaft Horsepower. A number of boilers will be necessary to gen- 
erate sufficient steam but for the sake of simplicity it will be 
assumed that there is only one boiler, only one turbine, only one 
feed water heater, and so on. Assume superheated steam at 550 
pounds gauge and 675 degrees F. for the propulsion turbines and 
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for the electric generator turbines. Assume 575 pounds gauge 
saturated steam for all other auxiliaries and 35 pounds gauge 
exhaust from the auxiliaries. 
Assume total distribution of steam according to the following 
quantities : 
50,000 Shaft Horsepower. 
550 pounds gauge, 675 degrees F., superheated steam 
575 pounds gauge, saturated steam. 


Total weight of saturated steam used by auxiliaries which ex- 
haust at 35 pounds gauge and which can, therefore, be used for 
feed heating = 43,655 pounds per hour. 

Total weight of superheated steam used by propulsion turbines = 
394,975 pounds per hour. - 

Total weight of steam bled at 35 pounds gauge from turbine to 
assist in feed water heating = 16,800 pounds per hour. 

Total weight of steam bled at 35 pounds gauge from turbine 
for heating and galley use = 2000 pounds per hour. 

Total weight of saturated steam used by fuel oil heaters = 4190 
pounds per hour. 

Main Air Ejectors. 

1st stage, 750 pounds per hour saturated steam. 

2nd stage, 620 pounds per hour saturated steam. 

1st stage, 72 pounds per hour moisture carried over. 

2nd stage, 17 pounds per hour moisture carried over. 

Dynamo Air Ejectors. 

1st stage, 27.5 pounds per hour saturated steam. 

2nd stage, 22.5 pounds per hour saturated steam. 

1st stage, 2.5 pounds per hour moisture carried over. 

2nd stage, 1 pound per hour moisture carried over. 


Total weight of “make-up” feed water = 4250 lbs./hr. 


Grand total of all of above steam = 470,332.5 Ibs./hr. 
Less bled steam = 18,800 Ibs./hr. 
Total weight of feed water = 451,532.5 
It is assumed that the “ make-up ” is lost in the saturated steam 
line. 
Figure 4 shows a schematic diagram of the piping and its con- 
nections to the machinery. All auxiliaries such as fire-room blow- 
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ers, fuel oil pumps, etc., which exhaust steam at 35 pounds pres- 
sure and which, therefore, is available for feed heating, are lumped 
together and shown as one unit. 

Assume that the drains from the fuel oil heating system are 10 
degrees F. lower than the saturation temperature of the steam feed- 
ing this system or at 473 degrees F. The corresponding heat of the 
liquid is 457 B.T.U. per pound. This goes, as shown, into the top 
of the drain tank and flashes there into steam and liquid at a pres- 
sure slightly under atmospheric and at a temperature which we may 
take as 210 degrees F. If the pressure rises above atmospheric, 
there is a gland leak off exhauster (shown) which corresponds to a 
safety valve. It will be noticed that there is a funnel under the 
spout of this exhauster to catch the drip. There is a valve at the 
bottom of this funnel whereby an attendant can periodically return 
this water to the system without admitting air. 

In order that the pressure in the drain tank be kept consistently 
lower than atmospheric, it is necessary that the flashed steam be 
condensed with sufficient rapidity to prevent the pressure from 
rising. This is accomplished by incorporating a very liberal design 
of After Cooler. Sufficient surface should be used here to insure 
not more than 211 degrees F. temperature of condensed liquid under 
most drastic conditions. 

Assuming that the steam heat drains are cooled down to 150 
degrees F. before entering the drain tank, the corresponding heat 
of the liquid is 118 B.T.U. per pound. This water is made to enter 
the bottom of the tank or submerged. The water leaving the after- 
cooler condenser may be taken to be at 209 degrees F. This is 
based on 3 degrees F. lower temperature than that corresponding 
to the vacuum in the aftercooler which is 2 inches of water. 

Water entering the bottom of the drain tank is from three 
sources; steam heat drains, main aftercooler drains, and dynamo 
aftercooler drains. 

The dynamo aftercooler drains (see diagram) are made up of 
1 pound moisture carry-over and 22.5 pounds of second stage in- 
jector steam, making a total of 23.5 pounds per hour at 209 de- 
grees F. 

The main aftercooler drains are made up of 17 pounds of 
moisture carry-over, plus 620 pounds of second stage injector 


4 
4 
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steam, plus 375 pounds of turbine gland leak-off, plus the flashed 
steam out of the drain tank due to the fuel oil heating system drains. 

Therefore, the first problem is to determine the amount of 
flashed steam at this point. 

4190 pounds per hour < 457 B.T.U. per pound = 1,914,830 
B.T.U. per hour entering as drainage. 

X pound per hour of this flashes into steam. At 210 degrees F.. 
total heat of vapor is 1149.5 B.T.U. per pound. 

Total heat of liquid is 178 B.T.U. per pound. 

1149.5 X + (4190 —X) 178 = 1,914,830 B.T.U. per hour. 

X = 1203.5 pounds per hour to aftercooler condenser. 

(4190 — 1203.5) = 2986.5 pounds per hour dropping as liquid 
into the tank at 210 degrees F. 

620 + 17 + 375 + 1203.5 = 2215.5 pounds per hour leaving 
main aftercooler condenser at 209 degrees F. 23.5 pounds per 
hour leaving dynamo aftercooler condenser. 2215.5 -+- 23.5 = 2239 
pounds per hour liquid at 209 degrees F. entering the bottom of the 
drain tank and with a total heat of 177 B.T.U. per pound. 

The heat of the liquid in the drain tank is as follows: 


2986.5 Ibs/hr. X 178 B.T.U./lb. = 531,597 B.T.U./hr. 
2000 Ibs/hr. X 118 B.T.U./lb. = 236,000 B.T.U./hr. 
2239 Ibs/hr. X 177 B.T.U./Ib. = 396,303 B.T.U./hr. 


7225.5 lbs/hr. 1,163,900 B.T.U./hr. 


1,163,900 
7225.5 


This corresponds to 193.2 degrees F., 7225.5 pounds per hour 
leaving at this temperature. ° 

Thus, it is seen that the top of the drain tank has a tempera- 
ture of 210 degrees F. and a corresponding vapor pressure. The 
bottom has a temperature of 193.2 degrees F. and a corresponding 
vapor pressure. Consequently, the high vapor pressure at the top 
forces the flashed steam up to the aftercooler condenser where it is 
condensed and the liquid forced down against the lower vapor 
pressure at the bottom. 

The surge tank temperature is held at such a value as to keep 
Y, inch less vacuum than the main condenser. This is in order 
that the vapor and entrained air will flow over to the main con- 


= 161.08 B.T.U. per pound in water in drain tank. 
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denser. It has been found that a vapor carry-over of approxi- 
mately one pound for each thousand pounds of water passing 
through the surge tank is satisfactory. Therefore, sufficient ex- 
haust steam is admitted to bring the temperature up to that corre- 
sponding to the required vacuum and at the same time flash the 
required amount of vapor. 

The vacuum of the main condenser is 27.5 inches of mercury, 
therefore a temperature corresponding to 27 inches or 116 degrees 
F. should be maintained in the surge tank. Approximately 
400,000 thousand pounds of water per hour passes through, there- 
fore the flash should be 400 pounds per hour. 

Determination of the amount of exhaust steam. 

Refer to the diagram, Figure 4. 

Condensate from the main condensers is 375,800 + 805 + 
400 — 72 = 376,933 pounds per hour. 

Condensate from dynamo condensers is 3069 pounds per hour. 

Total condensate = 376,933 + 3069 = 380,002 pounds per 
hour. 


380,002 Ibs/hr.X 50 B.T.U./lb. = 19,000,100 B.T.U./hr. condensers 
—400 Ibs/hr. 1111 B.T.U./lb. = —444,400 B.T.U./hr. vapor 116° F. 
7,225.5 Ibs/hr. X 161 B.T.U./lb.= 1,163,305.5 B.T.U./hr. drain tank 
4,250 Ibs/hr.x 40 B.T.U./lb.= 170,000 B.T.U./hr. make-up feed 
A Ibs/hr. & 1173.5B.T.U./lb. = 1,173.5 A exhaust 35 pounds 
19,889,005.5 + 1173.5 A 
A = pounds of exhaust admitted. 


(391,077.5 + A) pounds per hour leaving surge tank as liquid. 
83.88 B.T.U. per pound = heat of liquid at 116 degrees F. 
391,077.5 & 83.88 + 83.88A = 19,889,005.5 + 1173.5A. 

A = 11,852.5 pounds per hour exhaust steam at 35 pounds. 

391,077.5 + 11,852.5 = 402,930 pounds per hour leaving surge 
tank as liquid at 116 degrees F. 

This water is first run through the intercoolers and aftercoolers 
of the air ejector condensers, thereby condensing the vapor in them, 
at the same time heating up the water previous to passing it 
through the feed water heater. Since there are dynamo as well as 
main air ejectors, a portion of this water, proportionate approxi- 
mately to the amount of steam fed to the dynamo air ejectors, is 
diverted to cool and be heated by these ejectors. Therefore, 388,500 
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pounds per hour is run through the main circuits and the remainder 

or 14,430 pounds per hour is run through the dynamo circuit. 


Consider the main circuit first. 


Entering the intercoolers are 55 pounds per hour carry over 
from the main condensers and 750 pounds per hour of steam with 
a heat corresponding to 575 pounds gauge. 

Heat Entering Intercooler. 


55 Ibs./hr. X 1108 ~=B.T.U./lb. = 60,940 B.T.U./hr. 
750 Ibs./hr. X 1202.6 B.T.U./lb. = 901,950 B.T.U./hr. 


805 Ibs./hr. 962,890 B.T.U./hr. 
805 Ibs./hr. X 88.88 B.T.U./Ib. = 71,548 B.T.U./hr. 


This latter heat per pound is that corresponding to liquid at 121 
degrees F., the intercooler drain temperature. The difference is 
962,890 — 71,548 = 891,342 B.T.U. per hour absorbed by feed 
water passing through intercoolers. The feed water enters with a 
heat of 83.88 B.T.U. per pound corresponding to the surge tank 
temperature of 116 degrees F. 


388,500 X 83.88 = 32,587,380 B.T.U. per hour 
Add 891,342 
33,478,722 
33,478,722 B.T.U. per hour 
388,500 pounds per hour. 


= 86.17 B.T.U. per pound 


This corresponds to 118.3 degrees F. leaving intercoolers. 
Heat Entering Aftercoolers. 
17 ‘Ibs./hr. X 1108 B.T.U./Ib. 
620 Ibs./hr. X 1202.6 B.T.U./lb. 
1203.5 Ibs./hr. X 1149.5 B.T.U./lb. = 1,383,423 B.T.U./hr. 
375 Ibs./hr. X 1149.5 B.T.U./Ib. 431,063 B.T.U./hr. 
2215.5 Ibs./hr. 2,578,934 B.T.U./hr. 
Heat leaving. 
2215.5 pounds per hour X 177 B.T.U. per pound = 392,144 B.T.U. 
per hour. 


This latter heat per pound is that corresponding to liquid at 209 
degrees F. as has been previously mentioned. 


18,836 B.T.U./hr. 
745,612 B.T.U./hr. 
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The difference is 
2,578,934 — 392,144 = 2,186,790 B.T.U. per hour absorbed by 
feed water passing through aftercooler. 


Entered with 33,478,722 B.T.U. per hour. (See above.) 
Absorbed 2,186,790 B.T.U. per hour 
35,665,512 B.T.U. per hour, leaving 
35,665,512 
388,500 


This corresponds to 124 degrees F. leaving aftercoolers. 


= 91.8 B.T.U. per hour 


Consider the dynamo circuit. 
Heat entering intercoolers. 


1.5 Ibs./hr. X 1105 B.T.U./lb. = 1,658 B.T.U./hr. 
21.5 Ibs./hr. X 1202.6 B.T.U./Ib. = 33,071 B.T.U./hr. 
29 Ibs./hr. 34,229 B.T.U./hr. 


Heat leaving. 
29 pounds per hour X 88.88 B.T.U. per pound = 2578 B.T.U. 
per hour. 


34,729 — 2578 = 32,151 B.T.U. per hour absorbed by 14,430 
pounds per hour of feed water 14,430 X 83.88 = 1,210,388 B.T.U. 
per hour heat of feed water entering. 


1,210,388 + 32,151 = 1,242,539 B.T.U./hr. leaving. 


1,242,539 


74.430 86.11 B.T.U./hr. This corresponds to 118.2 degrees F. 


Heat entering aftercoolers. 


Ibs./hr. X 1105 B.T.U./lb. = 1,105 B.T.U./hr. 
22.5 Ibs./hr. X 1202.6 B.T.U./lb. = 27,059 B.T.U./hr. 
23.5 Ibs./hr. 28,164 


Heat leaving. 
23.5 pounds per hour X 177 B.T.U. per pound = 4,160 B.T.U. 
per hour. 


28,164 — 4160 = 24,004 B.T.U. per hour absorbed by 14,430 
pounds per hour of feed water. 


| 
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1,242,539 B.T.U./hr. in feed water entering. 
1,242,539 + 24,004 = 1,266,543 B.T.U./hr. leaving. 


1,266,543 : 
74.430. = 87.77 B.T.U./Ib. which corresponds to 120 degrees F. 


Therefore, from the foregoing, it is seen that the total, 402,930 


pounds per hour of water entering the feedwater heaters, contains 
a heat of 


35,665,512 + 1,266,543 = 36,932,055 B.T.U./hr. or 


ape = 91.66 B.T.U./lb. which corresponds to 123.8 degrees F. 


Into the steam side of the feed water heaters enters, at 35 pounds 
gauge, 43,655 pounds per hour of auxiliary exhaust, plus 16,800 
pounds per hour bled steam, minus 11,852.5 pounds per hour 
(which was fed into the surge tank) or a total of: 


43,655 + 16,800 — 11,852.5 = 48,602.5 pounds per hour. 
This has a heat of 1173.5 B.T.U. per pound. 


48,602.5 pounds per hour X 1173.5 B.T.U. per pound = 
57,035,034 B.T.U. per hour. 


This is to be added to the feed water heat of 36,932,055 B.T.U. 
per hour, which makes a total of 93,967,089 B.T.U. per hour. This 
48,602.5 pounds per hour when condensed is put into the main feed 
line by the feed heater drain booster pumps which brings the total 


main feed to the boilers up to 402,930 + 48,602.65 = 451,532.5 
pounds per hour. 


93,967,089 
ioR25 ~ 208.11 B.T.U. per pound, which corresponds to 


239.9 degrees F. entering boilers. 
perature sought. 

There is some impression that the closed feed system is thermo- 
dynamically more efficient than the simpler open feed system. 
This is not true because there is neither more heat added to nor 
subtracted from the system. The heat carried away by the con- 
densers in each case is approximately the same. 


240 degrees F. was the tem- 


BLED STEAM AT 35 LSS. 
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However, since there is some difference in the distribution of 
steam, as for instance turbine gland leak off steam going to a de- 
aerating tank instead of to the aftercooler condenser, the result is 
not obvious, so this case will be worked out. 

Assume the same ship under the same conditions except that 
this time an open feed system is used. Figure 5 shows a schematic 
diagram of the piping and connections to the machinery as in the 
case of Figure 4. The table given previously of the steam used by 
various components of the plant applies here. Figure 5 is, of 
course, an elaboration of Figure 2. 

From this diagram, it is seen that 381,818.5 pounds per hour of 
water passes from the condensers to the intercoolers. This water, 
as before, is at a heat of 50 B.T.U. per pound and therefore con- 
tains. 381,818.5 pounds per hour <X 50 B.T.U. per pound = 
19,090,925 B.T.U. per hour. 

To this must be added 891,342 B.T.U. per hour which is absorbed 
in the intercoolers as in the previous case. 


19,090,925 + 891,342 = 19,982,267 B.T.U. per hour heat leaving. 


19,982,267 


381,818.5 52.33 B.T.U. per pound. This corresponds to 84.3 


degrees F. 

However, the second stage or aftercoolers obtain heat from only 
two sources, vapor carry over and ejector steam. The heat enter- 
ing is: 

17 lbs./hr. 1108 B.T.U./Ib. = 18,836 
620 Ibs./hr. & 1202.6 B.T.U./lb. = 745,612 
764,448 
Heat leaving. 


637 pounds per hour X 177 B.T.U. per pound = 112.749 B.T.U. 
per hour. 

Amount of heat to be added to feed water = 764,448 — 112,749 
= 651,699 B.T.U. per hour. 

19,982,267 + 651,699 = 20,633,966 B.T.U. per hour heat in 
feedwater leaving aftercoolers. 


20,633,966 


381,818. = 54.04 B.T.U. per pound or 86 degrees F. 
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This water is now joined with the condensate from the dynamo 
condensers which has been heated by passing through its intercool- 
ers and aftercoolers. 


As shown, 3069 pounds per hour leaves the dynamo condenser. 
This has a heat of 50 B.T.U. per pound. 
3069 lbs./hr. X 50 B.T.U./Ib. = 153,450 B.T.U./hr. 
Heat absorbed (see above) 32,151 B.T.U./hr. 
185,601 B.T.U./hr. heat in dynamo 


185,601 
3069 


pound or 92.5 degrees F. 24,004 B.T.U. per hour picked up in 
aftercoolers (see previous calculations). 185,601 + 24,004 = 
209,605 B.T.U. per hour heat in dynamo condensate leaving after- 


209,605 
x55 = 68.3 B.T.U. per pound or 100.3 degrees F. 


condensate leaving intercoolers, or : = 60.48 B.T.U. per 


coolers or 


In this layout, the condensate from the fuel oil heating system, 
which is at 575 pounds gauge is fed with the 35-pound exhaust 
steam into the steam side of the feed water heaters. The amount 
of heat entering the steam side of the feed water heaters is then 


4190 Ibs./hr. X 45% B.T.U./lb. = 1,914,830 B.T.U./hr. 
60,455 Ibs./hr. X 1173.5 B.T.U./Ib. = 70,943,943 B.T.U./hr. 
64,645 Ibs./hr. 72,858,773 B.T.U./hr. 


The drains from the steam heating system (working at 35 
pounds pressure) cannot be fed into the entrance of the steam 
side of the feedwater heaters because of the high exhaust pres- 
sure being used in this installation. 

Therefore, they are fed, through a trap, into the main feed line 
ahead of the suction side of the main feed pumps. The amount 
of heat furnished by these drains is 

2000 pounds per hour X 118 B.T.U. per pound = 236,000 
B.T.U. per hour (118 B.T.U. per pound = heat of liquid at 150 
degrees F.). 

Therefore, the total amount of heat in the feed water entering 
the boilers is: 
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209,605 B.T.U./hr. dynamos. 

20,633,966 B.T.U./hr. propulsion turbines. 

72,858,773 B.T.U./hr. entering steam side F.W. heater. 
236,000 B.T.U./hr. steam heat drains. 

93,938,344 B.T.U./hr. in 451,532.5 lbs./hr. of water. 


93,938,344 
$51,532.5 =208.04 B.T.U./lb. or 239.8 degrees F. temperature 


of feed water. 

A study of the diagrams of the two systems will disclose some 
fundamental differences. In the open feed system, the main and 
dynamo condensate pumps force the water to the intake of the 
main feed pumps. However, in the closed feed system, main feed 
booster pumps are necessary due to the low pressure carried in 
the closed surge tank. But this carries an advantage with it in that 
it permits placing the feed water heaters ahead of the main feed 
pumps. This obviates the necessity for carrying full boiler pres- 
sure in the feed water heaters as in the open feed system. Also, 
as can be seen readily from the diagrams, less feed water heater 
capacity is necessary in the case of the closed feed system. This 
is because the surge tank acts as a partial feed water heater and 
also the feed heater drains are led into the water line leaving the 
feed water heater instead of around through the heater. This is 
of course possible because the feed water heater is not at boiler 
pressure, but at drain booster pump pressure. 

But these are only incidental advantages, the principal claim for 
the closed feed system being the elimination of air and the cor- 
rosion resulting therefrom. 
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SOME METALLURGICAL PROPERTIES OF COPPER- 
NICKEL (70-30) CONDENSER TUBES. 


By JosepH A. Duma, MEMBER, JUNIOR METALLURGIST, 
U. S. Navy Yarp, NorFock, Va. 


While Mr. Duma’s article on Inverse Monel was prepared only a 
short time after that on the same subject by Mr. Noyes, which 
appeared in the JOURNAL OF THE Society for February, 1936, its 
independent findings supplement so admirably those described by 
Mr. Noyes, that the two articles make up a well-rounded symposium 
on this interesting metal. While Mr. Noyes dealt with the 70-30 
Copper-Nickel as it compares with somewhat similar alloys, and 
noted the reasons which have caused its general and increasing use 
in applications where salt water corrosion is encountered, Mr. Duma 
points out how commercially manufactured tubes may be expected 
to vary even when purchased against rigid specifications, and sum- 
marizes the tests which should be applied if difficulty is experienced 
in practical use of the tubes. 


For many years condenser tubes made of Admiralty Metal or of 
minor variations of the standard alloy gave splendid service on 
naval vessels, and it was not until the advent of turbine driven ships 
where higher velocities of cooling water were required that the 
problem of finding a more effective substitute from which to manu- 
facture condenser tubing became acute. 

The Navy became interested in the problem as early as 1925, and 
in May of that year, an elaborate test of corrosion resistant metals 
and alloys of all types and descriptions was inaugurated at the 
Naval Engineering Experiment Station at Annapolis. Special con- 
densers were built and operated to simulate service conditions, and 
in these condensers nests of tubes were placed representing most of 
the tubes on the market which gave promise of improved service. 
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As a result of these tests, the Navy became interested in the copper- 
nickel alloys, and especially those approximating the 70-30 formula. 
About 1934 Supplementary General Specifications SGS (46)V 9 
were prepared which covered desirable variations of the alloy, and 
at the present time this specification permits a range of 69 to 81 
per cent in the copper constituent, and a range of 31 to 19 per cent 
in the nickel. 

Properly made the copper-nickel tubes are not susceptible to 
selective corrosion, are entirely immune to season cracking, and 
their behavior in service (marine condenser installations, and salt 
water pipe lines) is, according to the findings of Robert Worthing- 
ton*, Prof. G.. Bauer}, and N. W. Mitchellt, superior to Admiralty 
Metal, and such tubes give many times the life of some of the best 
made brass tubes. They can be made improperly, however, and it 
is the purpose of this paper to study some of the shortcomings 
which may be found in commercial production. 


HISTORY OF THE MATERIAL INVESTIGATED. 


The Navy Department recently purchased a very considerable 
number of copper-nickel alloy condenser tubes for installation in 
vessels under construction in various Navy Yards. While a con- 
denser was being built at the Norfolk Navy Yard in which these 
tubes were being used, about 50 tubes split at the ends while the 
tubes were being belled into the tube sheets. Although the per- 
centage of failures (about 12 of 1 per cent) was not alarmingly 
large, it nevertheless occasioned considerable concern, especially 
when it became known that the rolling and belling operations then 
employed by the Yard were about half as severe as those demanded 
by the current Supplemental General Specifications which governed 
the purchase and employment of the material. It was decided, 
therefore, to test the material to determine the factor, or factors, 
responsible for the poor cold forming characteristic in the tubes 
which had failed. Like so many other investigations, this one de- 
veloped much unexpected information concerning the more funda- 
mental properties of this material. 


* Robert Worthington, “‘ 10-years’ Progress in Copper-nickel Condenser Tubes,” Marine 
Engineering, July, 1933, page 226. 
+ G. Bauer, “ The Machinery Installations of the Bremen and Its Predecessors,”’ 
Schiffbau, October 1, 15, November 1, 1930. 
tN. W. Mitchell, “ Corrosion Resistance of Copper Alloys,” Metal Progress, Decem- 
en 1935, page 40. 
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Thirteen tubes (0.625 inch outside diameter and about 10 feet 
long) were selected for the test. Six of these were selected from 
the 50 defective tubes, all of which had been pulled from a con- 
denser after having cracked in the belled end. One satisfactory 
tube was also pulled out to serve as a standard with which the prop- 
erties of the defective tubes might be compared. Six others were 
chosen at random from a new lot of unused tubes. To facilitate 
reference the tubes were identified with the following letters: 


Defective tubes: A-B-C-D-E-F. 
Satisfactory tube: H. 
New tubes: I-J-K-L-M-N. 


TESTS AND TESTING PROCEDURE. 
The tubes were examined in the following respects: 


(1) Chemical Composition. 
(2) Cold Workability Tests. 
(a) Drift Pin Expansion. 
(6) Rolling and Belling. 
(c) Flattening. 
(3) Mechanical Tests. 
(a) Tensile Strength. 
(b) Elongation. 
(c) Hardness. 
(4) Corrosion Tests. 
(a) Mercurous Nitrate. 
(6) Boiling Salt Water. 
(5) Microscopic Examination. 
(6) Heat Treatment Experiments. 


CHEMICAL COMPOSITION. 


Samples for chemical analysis were milled from the entire cross- 
section of each of the first six defective tubes, the satisfactory tube, 
and each of the six new tubes. Due to the odd behavior of tubes C 
and F in some of the tests, millings were taken from each of these 
tubes separately. The tubes were analyzed for copper, nickel, zinc, 
iron, manganese, phosphorus, lead, and tin. Table I shows the 
chemical composition of the various groups and tubes. 


COPPER-NICKEL (70-30) CONDENSER TUBES. 


COLD WORKABILITY TESTS. 


All specimens were subjected to the drift-pin expansion test. 
The test was performed by driving a pin, having a taper of 1% 
inches per foot, into the specimen until the internal diameter had 
increased 50 per cent. The results of this test are tabulated in 
Table II. Figure 2 shows the condition of the first seven tubes 
after this test. It will be observed that only one of the six defec- 
tive tubes passed this test. 


TABLE I 
Chemical Composition 


Sample Cu. Ni. Zn. Mn. P, Pb. 


Composite?) 79.00 20.93 None None None 

"Fr 81.57 18.45 ° 
73.89 28,11 " 

Composite(2) 74,22 25.78 


(1) Sample taken from tubes A, B, C, 
(2) Sample taken from tubes I, J, K, 


TABLE II 
Drift-Pin Expansion 


Expansion of 
Tube Internal Diameter Remarks 


Did not snlit 


Split 
)- Defective Split badly 
) Split 
) Split 
)- Good Did not split 


) 
) 
New Lot 


) 
) 


Every one of the thirteen specimens was subjected to a belling or 
flanging test performed by expanding the specimen (11% inch long) 
into a die plate 1 inch thick, having a tapered hole 1/16 inch larger 
than the outside diameter of the tube on the belling end, and with 
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Ficure 1. 


Admiralty metal condenser tubes showing dezincification of the copper plug 
type. (Natural size). 


: a | Be 


FIGURE 2. 


Tubes after drift pin expansion test. (Natural size). 
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Ficure 3. 
Tubes after the expanding and belling test. (Natural size). 
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FIGuRE 4. 


Die and punch used in expanding and belling tests. (Natural size). 


Ficure 5. 


Tubes after the flattening test. (Twice natural size). 
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FicureE 6. 


Transverse section of Tube B, showing a hollow condition within its wall. 
(Four times natural size). 
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Figure 7 
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FicureE 8. 


Tubes after 100 hours in boiling salt water. (Four times natural size). 
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the entrance of the tube hole filleted on a % inch radius. The 
expanding was performed by the use of a tapered punch, and the 
end of the tube was then flared (belled) until it fully closed the 
fillet in the die plate and increased the outside diameter of the tube 
to 40 per cent. The die plate and the punch used in this test are 
shown in Figure 4. In Figure 3 are shown specimens A, B, C, 
D, E, F, and H after expanding and belling. The results of 
this test are recorded in detail in Table III. It is seen that not a 
specimen of the first six tubes passed this test. 


TABLE III 


Expanding and Belling Test 


Tube Results Remarks 
Aa Cracked 1 emall crack 
e 

-Defective 
D a Very brittle,cracked 
badl: 
1 small crack 
Fr LJ 1 emall crack 
H )-Good 
I 
J a 
x} 
—New Lot 

L 
N 

) 


The remaining length of each of the tubes was then flattened on 
different elements, each element at right angles to the other and 
about 3 inches long. The flattening was carried down to a thick- 
ness equal to 3 times the wall thickness of the tube. In Figure 5 
is shown the condition of the best and worst samples of each of the 
first six defective tubes. The physical results of the entire test 
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are tabulated in Table IV. Tube B showed a peculiar hollow con- 
dition in its wall which is pictured in Figure 6. These hollows 
were found to be present most pronouncedly only in those parts of 


TABLE IV 
Flattening Test 


Tube No. of Teste Condition After Test 


0.K. -Few emall® cracks. 


N.G. small cracks 
and 1 very large one. 
3 elements 
developed large cracks. 
-Both elements 
-Defective cracked from end to 
end after flattening 
to 1/2 the diameter 
of the tube. 
N.G.- All elements 
showed cracks. 
N.G. large cracke. 


aw 
wa & 


)-Good O.K. -MNumerous very 
emall cracks. 

0.K. <2 hair- 

ne open: 

-Few 
line openings 

-Few small cracks 
and 1 large one 

O.K. -Few very small 
cracks, 

O.K. =-Few very small 
cracks. 

O.K. emall cracks. 


-New Lot 


*Small = Less than 1/8" long. 

Large = More than 1/8" long. 
the tube which separated the flattened elements from each other. 
Microscopic examination of Tube B, prior to flattening, disclosed 
the presence of a longitudinal void in the center of the wall running 
completely around its circumference. It may be seen in the photo- 
micrograph of Figure 15. This crack, under flattening stresses, 
bulged out into the shape and dimension shown in the photograph 
of Figure 6. 


MECHANICAL TESTS. 


Specimens 8 inches long were cut from each of the tubes and 
pulled to determine the tensile strength of the material. The yield 
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point was found with dividers and was taken as that load which 
elongated the specimen beyond the two-inch setting of the dividers. 
Hardness determinations were made with a Vicker’s Brinell Hard- 
ness Tester; four hardness readings, 90 degrees apart, were taken 
on each tube. The results of all these physical tests are incorpo- 
rated in Table V. The table shows that all the defective tubes have 
an unusually wide hardness range, a condition generally indicative 
of either physical, chemical, or structural heterogeneity. Tube D, 
the hardest one, is also the most brittle one; an examination of the 
structure in Figure 17 shows that this tube was either ineffectively 
annealed or not annealed at all. Tube F, the softest and most 
ductile of all, is also the highest in copper content. Tubes which 
have a copper content in excess of 80 per cent, despite their greater 
softness and superior ductility, are apparently not able to be cold 
formed to the same degree as those containing from 65 to 75 per 
cent copper. It has been the writer’s experience that the highest 
combination of strength and ductility (65,000 p.s.i. and 25 per cent 
elongation in 2 inches) are obtained from this type of alloy when 
the copper content is at about 70 per cent. Increasingly greater 
amounts of copper give progressively lower values of tensile 
strength, 


CORROSION TESTS. 


Six 3-inch test specimens, taken from tubes C, D, E, F, K, and 
L, were immersed in a cold (room temperature) aqueous mer- 
curous-nitrate solution, containing 100 g. mercurous nitrate and 15 
cc. nitric acid (1.42 specific gravity) per liter, for 40 minutes. 
Deep corrosion pits developed in all the oxide bearing tubes; the 
oxide-free tubes, including D which was in a highly stressed con- 
dition, etched uniformly without pitting, local attack, or cracking. 
The condition of specimens C, E, and D after 40 minutes of attack 
is shown in Figure 7. The depth of some of the pits in E are equal 
to about one-half the thickness of the wall of that tube. 

To determine the effect of cold and boiling sea water on cold 
worked copper-nickel tubing, three of the belled specimens (D, E, 
and H) pictured in Figure 2, and three of the tapered-expanded 
specimens (D, E, and H) of Figure 1, were thoroughly washed in 
absolute alcohol and then immersed in 200 ml. of natural sea water. 
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The water was alternately boiled for 8 hours and then allowed to 
cool to room temperature for 16 hours until a total of 100 boiling 
hours had elapsed. Fresh salt water was used after each third 
8-hour boiling period. In order to avoid concentration changes in 
the solution by evaporation, a reflex condenser was used. The 
specimens lost nearly all their luster and became coated with a 
greenish blue compound. The compound was qualitatively tested 
for both nickel and copper; only copper was detected. It appears 
from this that boiling salt water attacks selectively the copper con- 
stituent of copper-nickel alloys. Summing up, the corrosion was 
more lateral than penetrating, more general than local in character ; 
the areas most highly stressed were also the areas which had under- 
gone the most corrosion. Many minute cracks developed in the 
course of corrosion on the rim of the belled specimens. Some of 
these may be seen in Figure 8. 


MICROSCOPIC EXAMINATION. 


The microscopic examinations and photomicrographs were made 
on longitudinal cross-sections. Specimens were etched electrolyti- 


TABLE VI 


Data on the Micro-Structure of the Tubes 


Graine per sq. in. Density & Size of 

A 200 =~ 300 As in Figure 7 As in Figure 12 
B . Very few. Same as oe 13 
D Indeterminable 9 15 
100 = 150 #10 16 
F 300 = 350 Clean. Same as in. 17 
As in Figure II 18 
I i Very few. Same as 

in Tquisazed, unifora 
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cally in an aqueous nitric-glacial acetic acid solution (85-10-5). 
Three distinctly different types of structures were observed: (1) 
excessively oxidized, due to ineffective deoxidizing technique; 
(2) crystallographic fibering, a condition of parallelism in the struc- 
ture produced by elongating the grains below the recrystallization 
temperature of the metal; (3) equi-axed and uniformly fine grains. 
The first condition is extremely harmful to the corrosion resisting 
and cold forming qualities of the material. The second condition 
can be corrected by treatment, providing the structure has not been 
torn too severely as it has been in tube B, Figure 15. The structure 
found in each tube is described in detail in Table VI. Representa- 
tive structures are shown in photomicrographs, Figures 9 to 21, 
inclusive. 


EXPERIMENTAL TREATMENTS. 


To determine the correct annealing temperature for this mate- 
rial, Tube D, the hardest and most brittle tube of the thirteen tested, 
was cut into six 14-inch lengths, each of which was given the fol- 
lowing heat treatment : 


Temperature 

Specimen No. Degrees F. Hold Quenchant 
D1 1650 30 minutes Cold Water 
D2 1650 30 minutes Still Air 
D3 1550 30 minutes Cold Water 
D4 1450 30 minutes Cold Water 
D5 1450 30 minutes Still Air 
D6 1000 30 minutes Cold Water 


The first three are the only treatments which put the material in 
condition to pass the Navy Department’s requirements. Sub- 
stantiating evidence in support of this statement is offered in Fig- 
ures 22, 23, and 24. Table VII shows what properties may be ex- 
pected from effective and ineffective annealing treatments. The 
1650 degrees air cooling treatment does not give as great a value of 
tensile strength and elongation as the water quenching treatment. 
Another serious disadvantage of slow (air and furnace) cooling 
treatments is scaling. Optimum physical properties are obtained 
from the 1550 degrees water quenching treatment; in the flattening 
test, however, the 1650 degrees water quenched specimens perform 
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FiGureE 9. 


Ficure 10. 
Figure 9—Tube A unetched structure. 


Figure 10—Tube C unetched structure. 
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Ficure 12. 


Figure 11—Tube C unetched structure, 
Figure 12—Tube E unetched structure. 
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Ficure 14. Ficure 15. 
Figure 13—Tube H unetched structure. 
Figure 14—Tube A Etched. (Electrolytically). 
Figure 15—Tube B Etched. (Electrolytically) 
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Ficure 18. 
Figure 16—Tube C etched structure. 
Figure 17—Tube D etched structure. 
Figure 18—Tube E etched structure. 
Figure 19—Tube F etched structure. 


Ficure 16. Ficure 17. ‘et 


Ficure 20. 
Figure 20—Tube H etched structure. 
Figure 21—Tube M etched structure. 
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Figure 22. 


Tube D after various annealing treatments. The tube has been subjected to 
drift pin expansion tests. 
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FiGuRE 23. 


Tube D after various annealing treatments. Expanded and belled. 
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FiGure 24. 


Tube D after various annealing treatments. Flattened. (Twice natural size). 
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FIcurE 26. 


Figure 26—Microstructure of Tube D after a 1650 degree F. water quench. 
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TABLE VII 


Physical Properties of Tubes D, C, F, and H 
After Various Annealing Treatments 


“Tube : Treatment: Vickers: Flong: Drift-Fin, Bel- 
Letter: Degrees F; Brinell ini in 2 and Flat- 
3. Hardn H tening Tests 


: 
91 


28; 59,320 


250.5 


i all 3 tests 
C1 1650-H20 345.1-4875: — = :Failed in Drift- 
:Pin & Bel.tests 
=> 
Gq 3:1450-H20 Failed all 3 tests 
F 
Fl $1650-H20 :36.2-38.6: 36,540 : 10,520 343.5%: Drift-Pin & 
Fl 
7 : i 1 
3 37,650 11,620 345.5%: " 
Hg 44,510 3 13,280 ; 37 ; * 
Hy 21550-H20 :40.6=43.6: 47,500 +: 14,500 :39.5%: " 


* Broke outside of scribe marks. 


better. An intermediate temperature, i.c., 1600 degrees F., is prob- 
ably the best for annealing. 

To determine the degree of susceptibility of this composition to 
- age-hardening, the following test was made. Six 2-inch lengths 
were cut from Tube D, quenched from 1650 degrees F. in water 
and aged for 6 hours at the following temperatures and with the 
following results : 


Specimen Aging Tempera- Vickers Brinell Average 
Number ture Degrees F. Hardness Number Number 
DD2 200 49.2 48.6 49.0 50.5 49.3 
DD3 500 55.2 52.8 55.2 53.8 54.2 
DD? 700 52.3 50.9 51.9 52.5 51.9 
DD8 800 56.3 56.3 57.3 58.9 57.2 
DD9 900 13.2 72.4 76.3 75.0 
DD10 1000 91.2 91.7 88.7% 92.8 91.1 
DD12 1200 91.7 86.7 849 84.9 87.0 


| 

DO: None  :90,7-94.9 410_; 11% : Failed all tee 

1650=H90 3 45. 5=46. & Passed All 7 

D2. 1650-Air 348. 4-49.89: 47,060 17,720 331. Sh 

p=46.7: 52.600 3 21.040 3 

D4 tFailea * 

D 92.8; 87.150 ; 63,440 :13,5¢: 
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The preceding data is shown in the form of a curve in Figure 25. 
The results indicate quite clearly that the alloy is age-hardenable, 
and this to a considerable degree. Precisely just what chemical ele- 
ments are responsible for the phenomenon in this particular instance 
cannot be stated. The tubes were analyzed for such age-hardeners 


90 70-30 Condenser Tubes 
Quenched from 1650°F 


85 and aged for 6 hrs. 
at the temperaturss 
30 indicated below. 


Vickers Brinell Hardness 


200 400 600 800 1000 1200 


Temperature OF, 


FicurE 25. 
Graph showing the age hardenability of Tube D. 


as phosphorus, silicon, tin, iron, aluminum, and manganese, and all 
that could be found in the analysis was .14 per cent manganese, an 
amount insufficient to be the cause of the hardening manifested by 
tube D. Even with the high hardness of specimen DD10, it belled 
and flattened easily and without failure. 

To prove that the reaction manifested by tube D to the treat- 
ments was general and not specific or peculiar to tube D only, speci- 
mens were cut from defective tubes C and F, and the good tube H, 
and all these were treated and tested in the same manner as D. The 
results of this test are stated in Table VII. This experiment 
brought out two very important facts, namely: (1) tubes whose 
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FIGuRE 27. 


Figure 27—Microstructure of Tube D after aging at 1200 degrees F. 
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ductility had been exhausted in fabrication by severe cold working 
operations could be made ductile again; and therefore suitable to 
meet the requirements of the specification, only when their struc- 
ture was relatively free from copper oxide inclusions; (2) tubes 
which have a copper content in excess of 80 per cent, even though 
they have been thoroughly de-oxidized and effectively annealed, 
will not pass either the drift-pin expansion or the belling tests. 
Thus, tubes C and F, the former high in oxides and the latter high 
in copper, failed in the cold workability tests although both had been 
properly annealed. Note also the low physical properties shown by 
tube F after annealing. The validity of the two assertions just 
made was tested on a number of tubes, and in every instance the 
tubes reacted to the tests in the manner stated above. 

The age hardening experiment was repeated also, this time on 
tube I. Several sections of this tube were quenched in water from 
1650 degrees F. and then exposed to a series of temperatures 
ranging from 200 degrees to 1200 degrees F. for a period of six 
hours. Not the slightest change in hardness was detected. Tube I 
differed very noticeably from the age hardenable tube D in only one 
respect—tube D, prior to treatment, had been in a highly cold 
stressed condition, and tube I had not. Though cold work, per se, 
has not been known to cause age hardening, it was thought ad- 
_ visable to verify this point. Accordingly, two 4-inch specimens, I, 
and Iz, were cut from tube I and elongated in the Amsler tensile 
machine to 44 and 5 inches, respectively. From an original Brinell 
hardness of 46, specimens I, and Iz were work hardened to Brinell 
numbers 62 and 68 in each instance. They were then quenched in 
water from 1650 and aged for six hours at 1200. Quenching had 
lowered the Brinell hardness number to 36; aging raised it to 39, 
a value admittedly small—but nevertheless an increase. 


SUMMARY AND CONCLUSIONS. 


Factors detrimental to the cold workability of 70-30 copper-nickel 
alloy condenser tubes : 

(1) Hardness. Tubes which have too wide and too fluctuating a 
hardness range will not perform satisfactorily in any of the taper 
expansion operations. It is recommended that the Vickers Brinell 
Hardness Tester be used for hardness determinations, and that 
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four readings, each 90 degrees apart, be taken around every tube 
tested. The difference between the highest and the lowest readings 
should not exceed 4 units. 

(2) Copper Content. Whenever the alloy is strictly one of cop- 
per and nickel, and the copper content much in excess of 70 per 
cent, the tensile and cold forming properties will be found to be 
inferior to those possessed by an alloy whose copper content is not 
in excess of 70 per cent. If the alloy, in addition to copper and 
nickel, contains small percentages of other elements, for instance— 
carbon, silicon, manganese, iron, aluminum, and zinc—then slightly 
greater amounts of copper, but in no case more than 80 per cent, are 
not detrimental. 

(3) Oxygen Content. Tubes which have a high percentage of 
embrittling copper oxides in their structure will fail by splitting in 
belling and expanding operations. 

(4) Treatment. Tubes which have been cold worked too severely 
and not annealed are worthless and entirely unsuitable for cold 
forming unless annealed. The best annealing treatment appears to 
be a water quench from 1600 degrees F. 

Some of the copper-nickel alloy tubes which have been investi- 
gated are susceptible to age hardening, others are not. 

Factors detrimental to the corrosion resistance of 70-30 copper- 
nickel condenser tubes: 

(1) Mercurous-Nitrate Test. Oxide bearing copper-nickel 
alloys, when immersed in a cold (room temperature) aqueous mer- 
curous-nitrate solution, containing 100 g. mercurous nitrate and 
15 cc. nitric acid (1.42 specific gravity) per liter, for 40 minutes, 
will corrode by pitting. 

(2) Boiling Salt Water. Boiling salt water attacks selectively 
the copper component of copper-nickel alloys. The corrosion is 
more lateral and general than penetrating or local in character. The 
belled ends of hard tubes suffered more corrosion than the belled 
ends of softer tubes. It is therefore considered that, for minimum 
corrosion in boiling salt water, tubes should have a hardness of 
40-50 Brinell prior to belling. 


H 
i! 
" 
i 
i 
‘ 
i 
“ 


NOTES. 


NOTES. 


INDEX TO NOTES. 


An APoLocy BY THE EpITor. 
OBSERVATIONS ON COMBUSTION DEVELOPMENT TECHNIQUE. 
—Journal of Commerce, London, England, Tuesday, May 19, 1936. 
How To Succeep. 
—The Engineer, London, England, May 15, 1936. 
Discussion oF MEASUREMENT. 
—Bulletin No. 407, the B. F. Sturtevant Co., Boston, Mass. 
GEAR NoIsE—CAUSES AND CORRECTION. 
—Mechanical Engineering, July, 1936. 
Srxty Years Aco. 
—The Engineer, London, England, July 17, 1936. 
CLosep FEED SySTEM OF THE CUNARD WHITE STAR LINER “ QUEEN Mary.” 
—Engineering, London, England, May 29, 1936. 
REBUILDING THE Navy. 
—The Engineer, London, England, July 17, 1936. 
THe GERMAN BATTLE-CRUISERS. 
—Shipbuilder & Marine Engine Builder, London, England, July, 1936. 
A MISCELLANEA OF ITEMS OF INTEREST TO NAVAL ENGINEERS. 
Tue ZEppELIN, L. Z. 129, “ HINDENBURG.” 
—The Aeroplane, London, England, April 29, 1936. 
SMOOTHING OuT WAVES OF THE SEA. 
—Shipbuilding & Shipping Record, London, England, May 14, 1936. 
Surps STILL DISAPPPEAR. 
—Pacific Marine Review, May, 1936. 
CoLortnG oF STEEL. 
—Journal of the Franklin Institute, June, 1936. 
RECOVERING FROZEN CREDITS. 
—The Marine Journal, May 15, 1936. 
Dry Pree Exptopes INsipe STEAM Drum. 
—Power, June, 1936. 
Cunarp Wuite Star LINER “ MAJestic.” 
—The Engineer, London, England, May 29, 1936. 
GEARED PROPULSION UNIVERSAL IN GERMANY. 
—The British Motor Ship, London, England, June, 1936. 
Tue S.S. “ NorMANDIE.” 
—Engineering, London, England, June 5, 1936. 
Borer INSTALLATION ON THE “QUEEN Mary.” 
—Combustion, June, 1936. 
Two New Torpepo Boats. 
—The Engineer, London, England, July 3, 1936. 
TORSION METERS. 
—Shipbuilding & Shipping Record, London, England, April 30, 1936. 


i 

i 
i 
i 
i 
H 
i 
q 
j 
{ 
4 


412 NOTES. 


NOTES. 


An Apotocy. It has been brought to the attention of the Editor that in 
an article in the May, 1936, issue of the JouRNAL OF THE AMERICAN 
Society oF NAvAL ENGINEERS on “ Marine Refrigeration,” by Mr. Henry 
Edwin Bethon, the author quoted freely and verbatim from an article on the 
Lubrication of Air Conditioning Equipment which had appeared in the Au- 
gust, 1935, issue of the magazine, “ Lubrication,” published by the Texas 
Company. Similarly, the author used other material which had been ex- 
tracted from the “ Refrigerating Data Book” of the American Society of 
Refrigerating Engineers. Acknowledgment was not rendered through inad- 
vertence, and the author and the editor take this opportunity to correct the 
omission, and to express their indebtedness for the useful information to 
the two excellent publications mentioned. 


OBSERVATIONS ON COMBUSTION DEVELOPMENT 
TECHNIQUE—IMPORTANCE OF CLEANLINESS IN 
BOILER OPERATION. 


Extracts from a paper read by Mr. C. P. Parry before the British Institute 
of Mechanical Engineers, as published by the “ Journal of Commerce, Ship- 
building and Engineering Edition,” London, England, Tuesday, May 19, 1936. 


‘At the outset let it be understood that this paper does not purport to be a 
treatise on the theory of combustion, but a statement of facts and practical 
experiences, connected with the technique of the subjects. Where mention is 
made of the water side of boilers, economizers and superheaters, it is merely 
incidental in so far as it may affect the combustion side of the heating sur- 
—_ and the inner walls of the gas passages, including air preheaters, if 

tted. 

It will be convenient to start with the analysis of one pound of fuel, min- 
imum weight of air for combustion, calorific values, composition of products 
of combustion and dew points for one particular quality of oil and bituminous 
coal, and assuming complete combustion with only the theoretical quantity 
of air as shown in Table I. 

In practice it is not possible to burn fuel completely in the theoretical 
quantity of air, and modern developments in combustion technique are mainly 
to the end that the oxygen from the air shall be more uniformly mixed with 
the fuel, so obtaining complete combustion with a minimum amount of excess 
air. 

It is common knowledge that ratios of 2/1 for actual to theoretical air for 
coal firing with natural draught, and 1.5/1 with forced draught, were con- 
sidered good practice until quite recently. Average modern ratios, how- 
ever, are:—Oil, 118 to 1.2/1; pulverized coal, 1.2 to 1.3/1; chain grate 
stokers, 1.3 to 1.5/1; retort stokers, probably 1.2 to 1.3/1. 

Table I. shows that for every 1 pound weight of oil fuel burnt, as much as 
1.0512 pound weight of H2O steam vapor is formed, whilst for every 1 
pound weight of coal burnt, 0.495 pound weight of steam vapor is formed. 
These figures are irrespective of any moisture initially present in the fuel 
{iis may be considerable with solid fuels) or of that in the air for com- 

ustion. 


i 
‘i 
i 
" 
it 


NOTES. 413 


TABLE I. 
ComBUSTION 
On. Propucts. 

pounds. pounds. 
Carbon 8352 COz 3.0624 
1168 HO 1.0512 

OR .0136 

Ash 0017 Ash 0017 
1.0000 4.1643 
Air 13.72 Ne 10.5557 
14.7200 14.7200 


Dew point 120 degrees F. 
Calorific value of oil 18.500 B.T.U. 


ComBUSTION 
Coat. Propucts. 
pounds. pounds. 
Carbon 801 CO2 2.937 
Hydrogen 055 HO 495 
Sulphur 015 SO2 
Oxygen .081 
Nitrogen .021 
Ash .027 Ash .027 
1.000 3.481 j 
Air 10.9 Ne 8.419 
11.900 11.900 


Dew point 104 degrees F. 
Calorific value of coal 14.400 B.T.U. 
Note.—Oil burning produces twice as much water as does coal. 


Note.—The dew points given in Table I assume that the fuel and air are 
free from moisture. They have been evaluated from Table II by comparing 
the weight of vapor in the products with the theoretical weight of air 
for combustion less the weight of oxygen in the vapor. With regard to 
the ash content shown, the only property (besides quantity-ratio) that con- 
cerns the operating engineer is the fusing temperature. Varying with the 
metallic oxides contained, this may range from 1500 degrees F. to 2400 
degrees F., according to information given by numerous authorities. 
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TABLE II. (from D. K. Clark). 


Quantity of dry air 
required for 1 lb. of 


Temp. degs. F. vapor in sat. mixture 
Ibs. 
32 258.8 
35 234.4 
40 192.2 
45 158.9 
50 130.4 
55 108.5 
60 91.6 
65 76.4 
70 66.0 
75 55.0 
80 45.6 
85 38.4 
90 32.5 
95 27.6 
100 23.5 
105 20.0 
110 17.1 
115 14.6 
120 12.4 
125 10.7 
130 9.1 
135 7.74 
140 6.61 
145 5.62 
150 4.77 
155 4.03 
160 3.26 
165 2.83 
170 2.33 
175 1.92 
180 1.54 
185 1.22 
190 0.93 
212 0.00 


It should also be noted that at all temperatures above the dew point this 
steam-vapor is combined with the flue gases in a finely divided highly super- 
heated state at sub-atmospheric pressure. Also that the dew point is de- 
pendent on the percentage of steam-vapor present and is calculable within 


close limits. 
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Should the gases be lowered in temperature to their dew point they are 
said to be saturated, t.e., they cannot hold any more vapor; and in the event 
of their temperature being still further lowered, vapor-condensation must 
take place in the gases and their dew point will drop with the temperature. 
Thus moisture will deposit and wet any surfaces which are themselves at 
less than dew point temperature and with which the flowing gases are in 
contact. This is, of course, analogous to the formation of rain when a 
humid atmosphere is lowered in temperature by a cool air current. 


IMPORTANCE OF DEW POINTS. 


It is important to consider the effect of steam soot blowers on the dew 
point, and also on the completeness of the combustion whilst they are in 
operation, assuming that they are used only when the boiler is steaming at 
normal loads. As the simplest form of either forced or induced draught 
is obtained by the use of steam jets, it is obvious that a steam blower, blowing 
in the direction of the normal draught in the boiler gas passages, must 
cause a great increase for the time being in the ratio of air to fuel burning. 
This increased ratio tends to lower materially the dew point relative to the 
vapor formed from the combustion of the hydrogen content of the fuel. 

On the other hand, owing to the further enrichment of the gases due to 
the steam injected, the dew point tends to rise. As far as the complete 
consumption of the fuel is concerned the combustion must, if anything, be 
improved. It should also be noted that the total weight of gas flowing is 
greater by the weight of steam injected plus the added air drawn through 
or above the fuel, and that the mean specific heat of the gases is raised. 
The boiler heating surfaces are incapable of cooling this extra weight of 
gases to the usual temperature. It is therefore impossible for vapor to 
condense on any heating surface. 

Within practical limits, steam from a soot blower blowing across the 
normal boiler draught may be taken as neither augmenting nor diminishing 
the draught, but such steam, by enriching the gases, raises the dew point. 
It also raises the mean specific heat of gases, and gas outlet temperatures 
must be higher to some extent. The combustion is not affected. 

Steam from a soot blower blowing with a component velocity in the 
opposite direction to the normal flow of gases must reduce the flow of air 
into the furnace. This, taken to the limit, results in the dew point rising 
to 212 degrees F., and combustion being completely arrested. In such con- 
ditions pulverized coal and oil burners are extinguished, whilst chain-grate 
and retort-stoker combustion chambers become heated gas retorts, dis- 
charging quantities of unburned volatiles into the boiler gas passages. These 
products will condense on the surfaces at all periods when there is any 
positive draught and will continue until normal combustion conditions are 
restored after the cessation of the blower operation. 


CORROSION AND ACID FORMATION. 


Some 30 to 40 years ago marine engineers were content to explain any 
corrosion on the gas side of the boiler heating surface as due to the combina- 
tion of SO2 from the products of combustion (see Table I) with water 
formed by the condensation of vapor from the gases when raising steam from 
cold. As there was always free oxygen in the products, it was accepted that 
the H:SOs; formed during the more or less gradual raising of steam, com- 
bined with free oxygen forming H2SQ, (sulphuric acid) which attacked the 
metal, forming sulphates of iron. 
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As this corrosion did not occur on ‘boilers the water of which was heated 
by injection of steam to temperatures up to 280 degrees F. before the fires 
were lit, it was assumed that acids could not form on the surfaces so long 
as the gases were never cooled below their natural dew point. Probably, 
150 degrees F. would protect the boiler itself, but the higher temperature 
was considered necessary to ensure that warm air circulated through the 
boiler gas passages, thus thoroughly warming (and therefore protecting) air 
heaters and uptakes, etc. 

It was, and still is, believed that SOz2 is innocuous unless brought into 
contact with water when a chemical, as distinct from a physical, change 
takes place. Continental engineers quote a German chemist who states that 
SO: in the products causes the dew point (condensing or saturation tempera- 
ture) of the boiler gases to be higher than the natural dew point of vapor- 
laden air (see Table II). 

This is difficult to follow as both SO2 and CO: are condensable vapors 
existing in boiler gases but at such low pressures that at any temperature 
above the natural dew point they are highly superheated and cannot con- 
dense. On the other hand, some British engineers now quote American 
chemists (Bulletin on Boiler Corrosion published by the Illinois University) 
who claim that boiler gases have a much higher dew point than the natural, 
i.e., 180 degrees F. to 190 degrees F., owing to the presence of sulphuric 
acid vapor. It is stated that sulphuric acid vapor is produced by a catalytic 
action of flue dust on SOz in the hot furnace, causing it to combine with free 
oxygen and forming SOs which in turn combines with the highly super- 
hese steam particles in the cooler portions of the gas passages to form 

2 

The author has no claims to be considered a chemist, but is inclined to 
doubt whether SO; does, or can, combine with highly superheated steam, 
and thinks that either wet steam or water is necessary to form H2SQ.. Be 
that as it may, it can be stated that in an experience of many years’ handling 
of all classes of boilers there has never been seen a single case of corrosion 
from sulphuric acid which was not accompanied, either from incorrect design 
or operation of the plant, by gases being cooled below the natural dew 
point, or by condensed water sprayed into the gas passages from badly- 
designed and incorrectly-arranged steam soot blowers, hydrojets for break- 
ing up slag in pulverized fuel combustion chambers, water from gas-wash- 
ing appliances, etc. 

As the chemists only refer to traces of SOs in boiler gases and ignore 
practical matters as discussed in this paper, the value of their conclusions 
may be discounted. 

On the assumption that the specific heat of the products of combustion is 
about 0.27 throughout the range of ratios of actual to theoretical air (for 
the present purpose this is near enough), and that the coal burns without 
loss of heat by radiation before it is completely consumed, the mean rise 
in temperature of the gases in the furnace during combustion would be 
2340 degrees F. with ratio of 2 to 1, 3070 degrees F. with ratio 1.5 to 1, and 
3780 degrees F. with ratio of 1.2 to 1. 

It is quite safe to assume that in a modern pulverized fuel or retort 
stoker job the maximum furnace temperatures will not be more than the 
mean rises of temperature stated. This may not be true in connection with 
a chain grate, as will be more fully discussed later. 

Assuming no loss of heat other than heat rejected to chimney, and omitting 
the latent heat of the vapor in chimney gases, then an exit temperature of 
200 degrees F. above that of the external air means the boiler efficiencies 
are respectively 91.5 per cent, 93.5 per cent and 94.7 per cent. 
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(1) It will be noted, from actual experiences to be described, that when 
any boiler is working with maximum furnace temperatures consistent with 
durability, any fouling of the superheater, rear boiler passes, economizer or 
air heater must tend towards the compulsory shutting down of the boiler 
units through excessive air and furnace temperatures. Apart from the 
life of refractories—with which the author is not directly concerned—con- 
tinuous service of any steam boiler depends on the arrangement and opera- 
tion of the plant being such as to ensure that the first ash to impinge and 
deposit on the heating surfaces shall have been cooled below its fusing 
temperature. 

2. Table I is, of course, subject to the proviso that, except in a laboratory, 
complete combustion could not be obtained under the conditions. This 
would also apply in many cases even with modern ratios of actual to 
theoretical air, in fact, with oil burning combustion is often deliberately 
not completed in some plants, in which event some quantity of carbon 
monoxide gas in the products and unburned hydro-carbons must deposit, 
more particularly in the cooler parts of the plant. These deposits do not 
always affect the steaming period of the boiler, except those that form on 
the superheaters, economizers and air heaters during banking or maneuvering 
periods. 

3. Fouling and Corrosion of Economizers and Air Heaters.—There are, 
generally speaking, no economizers nowadays in marine steam plants, and 
therefore there have not been anything like the troubles with marine air 
heaters that there have been and which still exist, in the economizers and 
air heaters of land power plants all over the world. 

The trouble has occurred mostly in steel tube economizers and in both 
plate and revolving regenerative air heaters. Cast-iron economizers, par- 
ticularly of the gilled-tube type, have in many cases become so badly fouled 
as to require disassembling for cleaning, but they suffer less from corrosion 
than those made of mild steel. 

Air heater trouble is not encountered in oil-fired British naval and first- 
class merchant vessels, nor in many foreign vessels, because of the in- 
sistence by the various authorities on some or all of the following precau- 
tionary measures in boiler operation: 

(a) Heating the boiler water prior to igniting burners either by steam 
— or by circulating water from boilers through feed heaters and back 
to boilers. 

(b) By well diluting the products of combustion with air during steam 
raising and maneuvering periods, to maintain a low dew point temperature of 
the flue gases. \ 

(c) By-passing incoming air from the air heater during steam raising and 
maneuvering periods. 

With regard to both land and marine type air heaters, and also econo- 
mizers, in many plants trouble has been eliminated by sealing hot gas by- 
passes mistakenly included by the makers. It is significant that following 
marine authorities’ decisions some years ago regarding plate air heaters of 
the turbulent type, the makers of these and of the regenerative type have 
recently installed air by-pass ducts on many land and marine air heaters. 
It is also significant that air by-pass ducts are now being installed on land 
and marine plants with balanced draught for tubular and all types of plate 
air heaters. It is worthy of note that air by-pass ducts are not necessary 
in the closed-stokehold system of forced draught, as air can be short- 
circuited direct to burners clear of the air heaters through openings in the 
hot air ducts during critical periods. 

It will be obvious in any plant having both economizer and air heater, 
whether the feed-water temperature is below the dew point temperature 
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of the gases or not, that at periods when the boiler load is being decreased, 
unless some water is by-passed from the economizer, gas leaving the 
economizer must be at much less temperature than normal; and unless 
the cold air is by-passed the gases will be cooled below the dew point in 
some part of the air heater, and thus fouling and corrosion are inevitable. 

Corrosion in economizers and air heaters has been due to faulty design, 
natural but misunderstood operating conditions, and to misapplied steam 
soot blowers installed by boiler, economizer and air-heater makers. Plate 
air-heaters have suffered through the whole of the cold air passing over a 
small portion of one side of the surfaces with only a minute fraction of gas on 
the other side, this fraction of gas depositing some of its vapor on the inner 
surfaces during lighting-up and maneuvering periods. 

Once started this effect spreads and continues even at full boiler loads. 
Regenerative air heaters suffer through faulty duct designs in conjunction 
with their extremely fine laminated passages. Deposits falling or being 
blown into these fine passages act as valves, causing local overcooling and 
condensation of vapor, the action again being cumulative. Careful design 
and operation will maintain every type of air heater free from corrosion 
and in continuous service. 


FEED HEATING AND ITS LIMITATIONS. 


Modern power station practice is to eliminate wasteful steam auxiliaries 
and drive these electrically, taking full advantage of efficient bled steam 
feed heating. 

Attention is now being paid to the fact that when shutting down a turbine 
plant the bled steam heaters cease to function, and trouble is bound to 
occur in the economizers and air heaters unless precautions are taken. 

The closed-feed system as applied to marine water-tube boiler installa- 
tions has great disadvantages when an economizer is fitted, for in main- 
taining the boiler level as ebullition diminishes, the feed water from the 
surge tank is first cooled down to condenser temperature. This cold feed 
water, if allowed to enter the economizer, would certainly lower its efficiency 
and also that of the air heater by causing them to corrode and become foul 
through vapor condensation. This may be the meaning of the claim that 
hot feed gives a practical increase in boiler efficiency, but it would be 
difficult to persuade an engineer in a power station to heat his feed by 
auxiliary exhaust steam if it was already above the gas dew point tem- 
perature, particularly when he realizes that he can otherwise protect his 
economizer and air heater during critical periods. 

The significance of the critical periods will be realized when it is pointed 
out that the water level in an Admiralty three-drum boiler steaming at 
full power would fall about 3 feet upon extinguishing all the burners but 
for the action of the automatic feed-water controls. 

Economizers may possibly come back into marine practice; their opera- 
tion is now better understood, and in that event the closed system of feed- 
water control will probably be modified to suit. To the author it would 
seem that the modern so-called closed-feed system consists largely of bad 
practice. He is of firm opinion that water once extracted from a con- 
denser should never be returned to it. The reserve feed water in the 
surge tank should have passed through the earlier stages of bled steam 
feed heating when the plant is running, or have been preheated by steam 
injection prior to starting the plant. 

There appears to be no practical difficulty in so arranging steam plants, 
the advantage being that operating engineers would be relieved of compli- 
cated precautionary measures with economizers at critical periods whether 
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the engine plant was running alone or in conjunction with others. This is 
well within modern aspirations—automatic control with no trouble. At 
present there is a considerable amount of automatic control which produces 
trouble. Now that air by-passes on air heaters and feed-water by-passes 
are considered essential, it may be presumed that these will eventually be 
controlled automatically. 


HOW TO SUCCEED. 


Translation of an address delivered by Monsieur M. A. Detoeuf, Vice 
President of the Syndicat Général de la Construction Electrique, to the stu- 
dents of l’Ecole Breguet, originally published in the “ Bulletin de la Societe 
pour l’encouragement pour 1|’Industrie Nationale,” March, 1936, and in its 
present form published in “ The Engineer,” London, England, May 15, 1936. 


You have recently been shown how much mathematics should, and could, 
prove of use to you. This is perfectly correct, since the majority of you 
are destined to acquire great practical experience, and it is valuable to pre- 
serve a mathematical facility, not merely because of the proved calculations 
that can be made, but because it is the means of thinking out, and of over- 
coming, the problems that will arise—because the exercise of mathematics 
is a healthy exercise for the mind which guards against obesity and excess 
weight of thought as horse-riding guards us against becoming fat. 

But if mathematics is an excellent means of conserving an alert percep- 
tion, it is not a direct road to success. I know of no one who has succeeded 
in industry because of mathematics. If there are in an industry some poly- 
technicians who have succeeded or who have appeared to succeed—since one 
is never sure of success until one is dead—it is not because they were mathe- 
maticians, but because they had done sufficient mathematics to have the 
right to forget it. 

I would like to indicate to you the means of attaining success, and for 
that purpose I can see no better method than to show you the qualities which 
I look for—and that I believe all the world looks for instinctively—in in- 
dustry. When we know what is required of us by those on whom we are 
dependent we are then close to being esteemed by them. 

What, then, is required for success in industry? First intelligence you 
would say. Not immediately. The first quality needed in a collaborator, 
that without: which one can do nothing, is “rectitude.” (droiture). What 
do you think can be done with a man in whom one has no confidence; a 
man who will hide an error, and correct it secretly risking that the same 
error may be repeated; the draughtsman who, not being conscientious, does 
his work “near enough,” risking that the part drawn cannot be constructed 
or constructed according to the drawing, or functions badly; the engineer 
who tries to put on to another the fault he himself has made at the risk of 
producing discord; the manager whose reports risk concealing or minimizing 
losses during a series of years? 

In former times, the French industrialist supervised matters pretty closely 
in order to overcome the reliance placed on his subordinates. He kept them 
under his eye; he was never deceived. He was “the one with whom one 
did not try anything on.” But with an industry somewhat extended, and 
today all industries are extended, one can no longer watch over everybody. 
Each has matters for his own initiative, his responsibilities; the world moves 
too quickly for one to be able to judge an action by troubling to compare it 
with another. It is easy to judge if a shoe is well made because it should 
resemble exactly the shoe that the factory has always turned out. It is less 
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easy to judge at a glance if a drawing is correct, if an examination is con- 
scientious, if the time calculated for a piece of work is normal, if a test 
has not been “faked.” The “chief” needs to have confidence in his staff. 
One should inspire him with confidence, and after so inspiring him should 
justify his faith. On confidence is built the whole of modern industry. 

But, you say, if I have a chief who is himself a schemer, lacking in 
frankness, who makes use of clever maneuvering? Will frankness succeed 
with him? I think not, but he himself will not succeed. Therefore, if, by 
chance, you find yourself with a chief of that type, take the first opportunity 
that occurs to leave him. Search as far as circumstances permit for the 
chief who is frank and reliable, the one in whom one can confide even when 
one has made a mistake. Even if he is hard, even if he has a difficult 
temperament, he will succeed and you will succeed with him. 

After loyalty is the essential condition intelligence? Not yet. After 
loyalty, and so close that it is wrong to class it afterwards, comes willing- 
ness. Willingness to succeed, willingness to do what one has to do as well 
as possible, willingness to sell if one is a salesman, to improve one’s knowl- 
edge each day if one is a research man, to do everything necessary and a 
bit over, to turn out a perfect machine at the right time without fuss or 
bother if one is a constructor. Willingness is a constant dissatisfaction 
with one’s self, is a desire to do better, a refusal to consider one’s self as only 
a tool, content if seven or eight hours have been spent at work obeying 
the rules applied to the job. Indifference, like an indifferent conscience, 
always brings about a check, sooner or later, but certainly. The attention 
relaxes. Faults committed are perceived too late, those under your orders 
observe or feel intuitively that you do not wish for anything special from 
them, and become, in turn, indifferent. Incidents and difficulties arise and 
the troubles accumulate without one’s knowing why. One says, “I have 
bad luck.” A bad excuse. One should say, “I have not been willing.” 
Only with a great willingness is success in life attained, with a creative 
enthusiasm. Those who are ingenious, who do not defeat themselves, who 
concentrate their efforts, they, whether or not they have natural disposi- 
tions for the profession that they practice, will succeed almost infallibly. If 
you consider those who are at the top of the tree the great heads of the 
industry—perhaps I am now disillusioning you—you will see certain things. 
There are amongst them some remarkable men, men of high intelligence and 
real genius; they make fortunes or they fail. There are also men of very 
ordinary intelligence; some, even, of intelligence below the ordinary. But 
you will never find weak wills. All the heads of industry are hard workers, 
men who do not relax. The day they become tired they cease to remain 
chiefs. To console them one offers them honors. But honors are a sad 
thing, because they are less the proof of what one is than the testimony of 
what one has been. Finally, contrary to general belief in the schools, class 
places attained there are much more a classification of willingness than a 
classification of intelligence. There are always amongst the last equally in- 
telligent men, often more intelligent men than those placed higher up but 
their willingness has not functioned. What the employer finds in taking the 
top of the class is not so much intelligence as willingness, and it is what 
he desires the more. Therefore, nourish an unceasing will to succeed. 

Now is it the turn of intelligence? One moment yet. There is still 
something more precious for the communal work of industry. It is the 
social sense. Its principal manifestation is in good nature. Good nature 
indicates the absence of jealousy, of envy; it presumes good relations with 
all; taste for the society of others, and for communal work. On every 
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door of the big laboratory of the General Electric Company of America 
there is a placard with the words “Keep Smiling.” To keep smiling is a 
necessity of team work. The economy of construction is founded on team 
work, teams growing larger and larger, the shop team, the drawing office 
team, the works team, the firm team, the trade team, the national team. 
Nothing can be done without co-operation. The lone man is helpless against 
the hugeness of the social organism. It is an error to believe that one makes 
a niche alone against the world. One only makes it with the aid of others; 
with the help of one’s chiefs, one’s comrades, one’s friends. A man must 
not believe that he succeeds because he is the only serious member of a 
group of people amusing themselves, the only intelligent member of a group 
of imbeciles. If that were true, he would be lost with the rest. An idea 
which is gradually making headway is that an industrialist is not helped by 
the ruin of his competitors. Rather is he ruined with them by having 
to resort to prices reduced too low, and by the suspicion thrown on to the 
entire trade by the production of mediocre goods. 

Actually as a general rule the good of one is the good of all. In a 
prosperous world it is easy for an imbecile to earn a living; in a world 
where everyone is discontented it is often impossible for an intelligent 
man to do so. In a well-conducted works the salaries rise; teams which 
work well are practically sure to retain their job even if orders decrease. 

Therefore always value your rivals and your collaborators, do not at- 
tempt to take advantage of your neighbors or your competitors. If they 
are mistaken, and if you are able without causing friction to correct their 
error, do so; it will be repayed to you, not in the next world, but in this. 
There is a sort of psychological force of sympathy which helps those who 
are well disposed. Everybody, save perhaps some jealous body in direct 
competition, watches their success with pleasure. Everybody speaks openly 
to them, and tries to avoid annoyances for them. I assure you we all 
depend on others more than on ourselves, but the way in which others treat 
us depends on ourselves. 

Of course, it is not sufficient merely to be “a good fellow” to succeed. 
Before fellowship I have placed loyalty and willingness, because one must 
first show that one amounts to something, must justify the belief that one 
is ready to serve and serve generously. When one’s value is known one 
should count more, even at the risk of not being always in the foreground, 
on the esteem and sympathy of others than on struggles and plots to ensure 
that that value is paid. 

Undoubtedly it is impossible to reform the milieu in which one is placed 
unaided; when it is unhealthy it were better to change. But, on the other 
hand, in normal circles there is a contagion of confidence, loyalty, and 
comradeship. The worst hehaved of us do not spit in a tidy room. The 
worst disposed do not lower themselves in front of a man who is open and 
loyal. It is not easy to brave public opinion by “doing down” someone 
universally regarded as a good fellow. Opinion in France is too often that 
those around us should be distrusted, that we are surrounded by enemies, 
by people who wish to get on at our expense, people who have no scruples 
in their ambition. In such an atmosphere big things cannot be done, not 
even normal things. In this respect the Americans, the English, and the 
Germans, who have all, like us, their faults, are greatly our superiors. 
They understand team work. All this can be summed up in a few words; 
have the team spirit, try to be one of a team, help others in order to make 
things run smoothly, help others that they may help you, and by showing 
understanding earn their liking. 
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I now come to “intelligence.” Psychologists divide it into three parts, 
memory, judgment, and imagination. I shall not speak of memory; it is 
not in industry that it can be cultivated artificially. It is now what it will 
always be with you, or rather it is better than it will ever be, for memory 
declines with age. It is perhaps (I think it is neglected too much in 
schools) the most important of the three grades of intelligence; in any 
case it is the foundation of the other two. Without memory we can have 
neither judgment, for judgment is based principally on the memory of things 
that have happened, nor imagination, because imagination is only the com- 
bination of memories. But you have little control over your memories. Or 
rather there is only one effect possible for you to attain with regard to 
them; it lies in the willingness with which you do things. Actions accom- 
plished with care and attention are recalled; the others are forgotten. 
With the will to succeed the memory will cultivate itself. 

Next comes judgment, or what is known as common sense. If I were 
addressing polytechnicians I would make a long discourse on common 
sense, because they are the least apt to possess it. Mathematics, when it 
completes a practical education, aids the development of the mind, but when 
it is practiced alone or almost alone it gives the illusion that truth can 
be found without continual reference to the facts of life. Thus highly in- 
telligent men are to be found completely lacking in common sense, as is 
well known. The moulding that you, my audience, have received has not, 
happily, caused you to run this risk; as it has been both theoretical and 
practical I believe that in general you have acquired common sense. Common 
sense is rarely patent; all that can be done is to put men into positions 
where they must use it and hope that they will. 

I would only say this on the subject: one of the clearest manifestations 
of common sense is modesty. Many people have common sense on all sub- 
jects except themselves; they can judge everything around them, but cannot 
judge themselves. On that subject they forget that others have not the 
same reasons for admiring them as they have themselves. In practice, 
modesty consists essentially in not singing one’s own praises; if another 
can be found to do it so much the better; if not, it were better to wait 
till one’s actions provide a cause. On presenting yourselves to anybody 
for the purpose of obtaining a position do not try to dazzle them with your 
virtues. Do not say: “I can do anything”; say only: “This is what I 
have done up to now.” Do not say: “Everything I attempted has been 
done well”; say: “Ask my director or my former chief what he thinks 
of me.” If you are on commercial work do not take a vain pleasure in 
showing your clients that you are better than they are; let them say 
ridiculous things if they do not affect your case, and if they do, try to let 
them discover for themselves that they are wrong, for a client will never 
forgive you for having been found to be less intelligent than yourself. He 
ep — willingly that you are a good man on condition that he discovers 
it himself. 

There is one useful thing which can only be expected from men of sound 
sense: the admission that they are wrong.- My experience is that in general 
the technical staff is always right. That is desolating. In industry when 
a client grumbles about a machine and the engineer who constructed it is 
asked, he invariably proves that the client is wrong. That is disastrous, 
not only because the client is ruffled by the implied disregard of his opinion, 
but especially because often he is justified in his complaint; instead of 
satisfaction he gets arguments. No matter how good, how perfect, how 
informed, how careful constructors may be, it is safe to say that nine times 
out of ten, when the client complains. he is right, and the tenth time, if he 
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is wrong, he should be accepted as right. Thus you may see the importance 
of modesty. 

I would here draw your attention to the fact that modesty and willing- 
ness are by no means incompatible. Modesty is an attribute which makes 
willingness successful. A good salesman always seems to be in agreement 
with his customer. He does not dispute and in the end he sells him what 
he wishes because he has wanted to sell it. 

Now that I have given you the secret of the false modesty necessary for 
success I may add that the secret is difficult to make use of if one is not 
really modest. A man of perception can easily distinguish false modesty 
from real and if he finds you out it is a real catastrophe. Try then to 
become really modest. Here is where common sense intervenes. It is easy 
to be really modest given a modicum of common sense. Suffice that a 
comparison be made of one’s self with, not those below one, but those above. 
No matter how intelligent, how knowing, how experienced one may be, it is 
never difficult to find others who are more so. The comparison should be 
made. with them, and I assure you that very quickly, no matter what one’s 
ambitions may be, a very small opinion of one’s self will result. 

Last of all comes imagination, a natural gift of which some have more 
than others. But it comes last in this enumeration, because the lack of it 
will not stand in the way of success if the other qualities which I have 
enumerated exist. 


DISCUSSION OF NOISE MEASUREMENT. 


An article which goes into the current methods of noise measurement, a 
subject mentioned but not elaborated by Dr. Klein in an article on noise in 
this number of the Journat. This article was written by Mr. H. F. Hagen, 
and was published as “Bulletin No. 407” by the B. F. Sturtevant Co., 
Hyde Park, Boston, Mass. 


Anyone possessing a knowledge of the fundamental laws of physics, which 
form the basis of all engineering, can readily extend this knowledge to in- 
clude an understanding of the principles of noise measurement. 

He may be troubled at first, however, in relating this new matter to his 
previous knowledge by the seemingly new quantities that appear in the 
pak and the unfamiliar groupings that even old, familiar units can 
develop. 

Our most important equation, the one for sound intensity in ergs per second 
per square centimeter, introduces both new quantities and peculiar groupings. 


= = Equation 1 


where P is the sound pressure in dynes per square centimeter. 

p is air density in grams per c.c. 

C is the velocity of sound in cms per second. 

A complete discussion of this equation and its terms will show that there is 
really nothing new involved. The equation depends entirely upon combina- 
tions of the usual units of force, mass, length, and time. 

The use of the centimeter, gram, second, (C.G.S.) units has been defi- 
nitely established in sound literature, and brief definitions of these units 
may be welcome to those who may have forgotten them. Force, Mass, 
Length and Time are the primary units in any system. In the C.G.S. 
system— 
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The unit of Time is the familiar Second. 

The unit of Length is the Centimeter. 

The unit of Mass is the Gram. 

The unit for Force is the Dyne, a force which acting on a one gram mass 
will produce an acceleration of one centimeter per second per second. 

Other units of measurement are derived from these four primary units, 
such as— 

Pressure in dynes per square centimeter, or Bars. The latter term is 
frequently used in sound engineering. 

Work or Energy in ergs. An Erg is the work done by a force of one 
dyne moving through a distance of one centimeter. 

In Equation 1 the intensity I is measured in ergs per second per square 
centimeter. The Intensity of a sound is, therefore, the quantity of sound 
energy per second passing through a unit area. 

For the interest of those who like a little mathematics a readily under- 
standable derivation of Equation 1 is given in Acoustical Engineering by 
W. West, published by Sir Isaac Pitman & Sons Co. At present it is 
sufficient to say that the formula results simply enough from the application 
of acceleration, force, and work to a wave motion. 

Modern acoustical engineering has been developed with scientific precision. 
The telephone industry has led the way under the direction of Dr. Harvey 
Fletcher of the Bell Telephone Laboratories. As might be expected from 
such origin, emphasis has been placed on the effect of sound on the human 
ear, and the measurements of sound are designed to approximate ear reaction 
and only indirectly to give physical quantities. 

In general the response of any of the human senses to an external stimulus 
is in terms of a ratio of the added stimulus to the previously existing con- 
ditions or level affecting that sense. At night, for example, we have a low 
light level and a single 50 watt bulb gives us a lighted room; but in the 
same room in the day time, when we light the bulb because of dark clouds 
outside, the lamp seems to help only slightly. In this case the added 
stimulus, the light of the lamp, produced a smaller sensation of change. 

The ear and sound show a similar relation. When the noise level is low, 
as in a quiet room, a small amount of noise, such as is made by a desk 
fan, is not only noticeable but unpleasant. In a moving train, however, with 
a high noise level the noise of the same fan is barely audible. 

This peculiar physiological response to stimuli obeys very closely the result 
of integrating the mathematical expression of the change divided by the 
level and gives— 


I 
Sensation = logy. 


That is, the sensation is equal to the logarithm of the ratio of the inten- 
sities of the stimuli. 


In acoustics the unit log of ratio is called a “bel,” and one-tenth of 
this unit is the “decibel” (db). We then have— 


I 
bels = logy 


~ where Is and I, are sound intensities. The common logarithm, base 10, has 
been adopted. By definition the decibels are 10 times as many, so— 


I 
db = 10 logy- Equation 2 


I 
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The decibel happens to represent the smallest change the ear can perceive. 
Decibels may also be expressed in terms of sound pressure ratios. From 
Equation 1 substituting for I in Equation 2 we have— 


P? 
db = 10 log 
eC 

and cancelling the pC 


db = 10 log pz 
and bringing the square into the coefficient 


P. 
db = 20 logp— Equation 3 


You are apt to meet in your work decibels based on either intensities or 
pressures and you might be puzzled by the coefficient 10 for intensities and 
20 for pressures. Both the intensities and pressures in the equations are 
the square roots of the average of the squares of the instantaneous values 
of their actual wave quantities and are usually referred to as root mean 
square, or R.M.S. values. 

Accurate meters have been developed that measure the ratio of sound 
pressures in decibels. These machines consist of a microphone, preferably 
of the condenser type, amplification of the microphone impulses, and a meter 
to measure the electrical energy. Earlier instruments depended on the match- 
ing of two sound intensities, one of known magnitude, by human hearing; but 
this method has been almost completely discarded. 

In using the modern instrument, the acoustimeter, to measure the noise 
of a fan, motor or other apparatus, a reading is first taken of the room 
level with the fan not running. Then another reading is secured with the 
fan in operation. It is apparent that, if I, is the actual intensity of the 
room noise, our first reading must be 10 times the common logarithm of 
the ratio of this I: to some reference intensity, Io. This Iv is the reference 
level the meter is calibrated and designed to work from. Unfortunately 
there are at the present time three reference levels in use by instrument 
manufacturers. 

One is based on a sound pressure of one millibar, or .001 dynes per square 
centimeter, chosen arbitrarily for the convenience of the round figures. 
The second is based on the minimum audible entensity of sound, called the 


threshold of audibility; but also, unfortunately, this quantity has varied in 


different experiments, and some instrument makers place it at a sound pres- 
sure of 0.425 millibars and some at 0.6 millibars. (The millibar is one 
thousandth of a dyne per square centimeter. The American Standards 
Association has suggested a reference level of 0.202 millibars—again for the 
convenience of a round number, 1 X 10° watts per square centimeter, 
which appears when intensities instead of pressures are used. 

Intensities in Equation 1 are in ergs per second per square centimeter, or 
power per unit area. And, if we choose, we may use some other unit of 
power, watts, and correctly express sound intensities in watts per square 
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centimeter. (One erg per second equals .0000001 watts.) The three ref- 
erence levels now in use expressed in watts per square centimeter, are— 


Watts per Square 
Sound Pressure Centimeter 
1 millibar 2.44 10°% 
0.425 U x 
06 § 8.8 10° 
0.202 “ 1.0 


These references vary by approximately seven decibel intervals. So that a 
sound of 30 decibels on the A.S.A. reference of 1.0 & 10° watts (decimal 
point fifteen zeros and then 1), would be 23 db from the threshold of audi- 
bility reference and 16 with the one millibar instrument. This same dif- 
ference of 7 db between the three bases holds no matter what the amount 


of the decibels may be, so it is a simple matter to transfer from one to 
another. 


Until this matter has been standardized, it is apparent that the decibels of 
our room sound means nothing unless we give our reference level, or zero 
at it is usually and somewhat carelessly termed. 

We will assume that our room intensity, lL, showed 40 db to A.S.A. zero, 
and that, when our fan reached full speed, the fan noise added to the room 
noise showed 45 db, which is our intensity Iz. We want to know, now, the 
db to the A.S.A. zero chargeable to the fan noise intensity Ir. 

We know that—as is true in general— 


Ire =I — 


We also measured I, and Is, so that— 


I 
40 db = 10 logy 


log 


I, = 10000 I, = 1.0 X 10°” watts per square centimeter. 
Similarly— 


45 db = 10 logy” 


4.5 logy? 
I, = 31600 Io = 3.16 X 10°” watts per square centimeter 
Therefore— 
Ir = 31600 In — 10000 Io = 21600 I, 
and the fan noise to the A.S.A. zero is— 


21600 Io 
db = 10 log—z — = 10 log 21600 = 10 X 4.34, 
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or, as we don’t bother with fractions of a db,— 


Fan db = 43 to A.S.A. zero 
= 36 to Threshold of Audibility 
= 29 to a zero of 1 millibar. 


Even when we keep our zeros straight we still have another unstandardized 
factor in the position of the microphone with reference to the fan and the 
size and acoustic properties of the room in which the measurement is made. 
Sound intensities tend to vary inversely as the square of the distance from 
the source, and would do so exactly in a perfect medium in an open space 
with no reflection. The effect of the size and acoustic properties of the room 
can be minimized if the pick-up microphone is placed close enough to the fan. 

At the present time, therefore, there is no such thing as the “ noise of a fan 
in decibels.” To have a meaning the statement must read somewhat more 
completely, as, “The fan causes a noise indication of so many decibels above 
the A.S.A. zero with the pick-up microphone placed in such and such an 
exact location with reference to the fan inlet or outlet.” 

We see specifications with decibels as a factor providing that at a given 
location in the room to be ventilated the increase in decibels with fan running 
shall not exceed a specified number. This is not so bad. An increase of db 
is independent of the reference zero and the location is determined. But to 
make the statement complete the expected room level should be stated. For 
example, in the problem we worked above we had a room level of 40 db, 
a fan noise of 43 db and an increase of 5 db due to the fan. If the room 
level was 35 db, the room intensity would be— 


35 = 10 log 
35 = ogy, 
= 3160 Ty 


and with the same fan— 
I, 4. I, = 21600 + 3160 In = 24760 Io. 
The noise in the room with the fan operating would then be— 


db = 10 tog 00 Be = 10 X 4.394 = 44 


So, for an increase in room noise with a given fan noise of 43 db, we 
have 5 db if the room level is 40 db, and 9 db if the room level is 35. 

(The increase in db for any two known intensities can be calculated 
directly from— 


I 
db = 10 logy 
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In the last case where I. = 24760 Iv, and I, = 3160 I, 


24760 I, 
3160 Io 


= 10 log 7.83 = 10 & .894 = 8.94 
= say 9 as before) 


I, 
db = 10 logy- = 10 log 


The specification for noise should then be written as follows: 

“The fan shall not increase the noise in the room by more than A decibels 
referred to a room level of B decibels. For these measurements the pick-up 
microphone shall be located one foot from the plane of the grill and center- 
lined therewith, and the diaphragm shall be placed in a vertical plane per- 
eet red to the plane of the grill and one foot from the extreme edge of 
the grill.” 

Such a statement would be completely defining. Just what values should be 
assigned to “A” is not known at present, but the values of “B” can be 
approximated from published information. 

It must not be considered that, in the absence of standardization, noise 
measurement is of little value. On the contrary, the commercial value of 
noise measurement as a guide to design and installation is tremendous. Each 
investigator adopts methods which are standard in his work and serve design 
purposes as well as any other standards would. The important matter is 
an accurate instrument, which is readily procurable today. 

A question is often asked in connection with units, such as unit ventilators 
or speed heaters. If two or more are placed in the room, how much will 
the additional units increase the noise in the room? The answer is—ten 
times the logarithm of the total number of units. If 2 units are used, in as 
much as the logarithm of 2 is .30103, the addition of the second unit will 
increase the noise 3 db; with 3 units (log. .477), the two additional units 
will give 5 db rise in noise level. Actually the rise will be somewhat less 
owing to the fact that the room could not be noiseless even without the units 
and therefore the noise intensity is not doubled by the addition of the second 
unit. A numerical example may make the point clear. 

A school room with a noise level of 40 db is to be ventilated with two 
units. It is found that a figure of 45 db represents the effect of one unit. 
What will be the noise level in the room with one unit, and with two? 


40 = 10 log i 

Io 

I, = 10000 I, 

45 = 10 log 

Io 

Iu = 31600 I, 
41600 Io 


db= 10 log : (log 41600 = 4.619) 
db= 46, or a rise of 6 db with one unit. 
With two units— 


I 2I 1 
db = 10 tog son X 31600) 
or 
73200 Io 


db = 10 —— = 10 X 4.864 
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say 49 db, or a rise of approximately 3 db for the addition of the second 
unit. 

In sound calculations of the type that interest us, remember that it is the 
intensities that can be added or subtracted, never the decibels. Also, if you 
want to do any of this work yourselves, be sure to use the complete com- 
mon logarithm which consists of the mantissa which you get from the tables 
and the characteristic, a whole number one less than the places to the left 
of the decimal point. 


Example—log3. = .477 
log 30. = 1.477 
log 300. = 2.477 
log 3000. = 3.477 - 
etc. 


You have probably noticed the amounts of the intensities given for the 
zero levels and the watts per square centimeter as used in one of our numer- 
ical examples. You may have been surprised at the almost infinitesimal 
amounts of energy involved. The energy in even loud sounds is extremely 
small. The velocity of propagation is high, 1100 feet or 34,000 centimeters 
per second, but the oscillatory or wave pressures and velocities are minute. 
A classical illustration of the smallness of the vibration instances a beam of 
sunlight in which the motes are visible. The passing of the wave of even 
a loud sound through this beam does not disturb the motes an amount suffi- 
cient to be visible. 

The following data you may find useful: 

Density of air under usual conditions of temperature and humidity in 
grams per cubic centimeter. 


Pp = .0012 
Velocity of sound in centimeters per second. 
C = 34000 


pC as in Equation 1 = 40.8 


You can remember the figure from the American Legion’s freight car. 
Noise in db (A.S.A. zero) in various locations* 


db 
Boiler Factory 105-115 
Average Factory 50- 90 
City Street 50- 81 
City Office 40- 70 
City Residence 30— 55 
Country Residence 30- 40 


GEAR NOISE—CAUSES AND CORRECTION. 


An article by Mr. W. E. Sykes, Farrel-Birmingham Co., Inc., Buffalo, 
N. Y., as published in “ Mechanical Engineering,” July, 1936. 


Nearly every one engaged in the practical manufacture of gears has known 
of some gears which could scarcely be heard and which might, in the ordinary 
sense, have been termed “silent.” It therefore seems safe to say that silent 


“Taken from “Physics Forum.” ‘Noise Measurement,” by Dr. E. E. Free. 
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gears can be made. According to the author’s observations, gears which run 
Pm in the ordinary sense of the word, can be made without great diffi- 
culty. 

The causes of gear noise are (1) faulty design, (2) faulty workmanship, 
(3) faulty lubrication, and (4) overloads. 


PROBLEMS OF DESIGN. 


The expression “faulty design” applies not only to the gears themselves 
but also to the design of the shafts, the bearings, and the housing. The de- 
sign of the gear teeth should be in accordance with correct geometrical prin- 
ciples. It should be such that the gear teeth will have correct action; and in 
addition the helical principle should be utilized, because it is easier to obtain 
silent operation with gears having helical teeth than with those having 
straight teeth. Although the design must be correct kinematically, it is not 
satisfactory unless it takes into consideration the limitations of manufacture. 

Occasionally, owing to ignorance on the part of the designer, straight- 
tooth gears are made with such a small number of teeth that the base-circle 
pitch is greater than the length of the line of action, and this makes silent 
operation impossible. 

The possible faults of design are too many to enumerate. It is possible to 
deal with only a few of the most common faults in gear design, and it there- 
fore seems advisable to state the requirements which have to be met rather 
than try to describe in detail the errors which are made. 

For quiet operation it is preferable to arrange for at least two base-circle 
pitches along the line of contact. This necessitates a somewhat large number 
of teeth in the gear pair; but when there is a practical limitation of the num- 
ber of teeth it is necessary to resort to modified addenda and dedenda. In 
general, the sum of the number of teeth in any gear pair, that is to say, the 
number of teeth in the pinion plus the number of the teeth in the wheel, 
should not be less than sixty. However, reasonably good results can be 
obtained with fewer teeth. 

A reasonably rigid gear-and-pinion structure should be provided. As used 
in this paper the term “ pinion” is intended to include worms, and the term 
“wheel” to include worm wheels. Pinions should have diameters large 
enough in proportion to their length to avoid excessive deflection, and the 
wheels should be so designed that they will neither deflect unduly under full 
load nor warp too far out of shape after being cut and heat-treated. 

Shafts and bearings should be rigid. For example, the bearings should be 
close enough together to prevent excessive deflection of the shaft, and the 
bearings themselves should be sufficiently well supported to prevent excessive 
deflection under full load. 

The design of the gear housing requires careful attention. It should be oil- 
tight and dustproof. It should have sufficient oil capacity, and ample heat- 
radiating surface should be provided. If necessary, an oil cooler of correct 
capacity and of perfect reliability must be included in the design. 

Great care must be exercised to select the most suitable type and size of 
bearings. In some cases antifriction bearings can be used most advan- 
tageously. In other cases the velocities are too high for such bearings and 
sleeve bearings must be adopted. Correct lubrication for the bearings must 
also be provided for. 

It is also desirable in the design to provide for correct gauging of the posi- 
tions of the shafts, or at least not to make the design such that the gauging of 
the center distances or alignment or endwise adjustment, where necessary, 
cannot be made at all or can only be carried out with difficulty. 
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The selection of materials requires careful consideration. It is not sufficient 
merely to select materials which have the proper physical characteristics for 
the service required. It is advisable—even necessary—to consider whether 
such materials can be satisfactorily dealt with during the manufacturing 
process. For example, it would be a mistake to select a forged steel, heat- 
treated to such a degree before the gear-cutting operation, that it would be so 
hard that it would damage tools and thereby cause gear-cutting inaccuracies. 
It would also be wrong to choose a material to be heat-treated after the 
cutting operation which would be likely to warp unduly. When cast materials 
are used it is advisable to select one which will be reasonably uniform in hard- 
ness and cutting characteristics. 

The designer’s work is not properly done unless he considers and provides 
for the possible extraneous influences on the gear drive. He must take steps 
to prevent extraneous forces. from pushing the gears out of position. This 
generally involves consideration of the type of couplings used. He also has 
to take into consideration the possibility that side thrusts due to overhanging 
loads may be imposed on the shaft projections of the gear unit. To guard 
against such conditions antifriction bearings are often useful, and in many 
cases the tapered type of roller bearing is especially valuable. In other cases 
deep-groove ball bearings can be used advantageously. Such bearings need 
very little running clearance so that any force imposed on the shafts is likely 
to result in very slight displacement. 

Where sleeve bearings with forced lubrication must be employed because of 
high velocity, the use of suitable flexible couplings becomes imperative, and 
sometimes it is also advisable to provide a thrust bearing of the Kings- 
bury type. 

Consideration should also be given in the design to the possibility of finish- 
cutting the gears after they are mounted on their shafts, in order to get them 
true relative to the journals. For this reason shafts which are too long to be 
accommodated in the gear-cutting machine should be avoided if possible. 

The designer should bear in mind that gears are sometimes blamed for 
noises which they do not create. On many occasions the author has dis- 
covered that the noise which was attributed to gears came from bearings. 
Therefore, the designer should make sure that the bearings themselves are 
not likely to become a source of noise. 

In some cases oil noises are developed because the gears are immersed in 
too heavy a lubricant. It is the designer’s duty to specify the oil level and 
the nature of the lubricant. In cases where the velocity of the gears exceeds 
a certain amount spray lubrication should be provided, and the designer must 
ascertain whether or not spray lubrication is required. 

When a forced-lubrication device has to be embodied in the gear-unit 
design, care must be taken to use one which will itself not create a noise nor 
cause the gears to create a noise. 


WORKMANSHIP, 


Although it is impossible to get satisfactory gear performance without cor- 
rect design, it is equally impossible to obtain silent gears without the highest 
grade of workmanship. Most gear noises are caused by faulty workmanship. 
There are frequently many excuses for poor workmanship. Such words as 
“harmonics,” “ resonance,” and “ sound amplification” are often used in con- 
nection with gear noises, but in the author’s experience more than 90 per 
cent of the trouble has been due to inferior workmanship. The word “ work- 
manship” here applies not only to the gears themselves but also to the 
housing, bearings, shafts, alignment, and installation. In this connection it 
should be particularly noted that antifriction bearings are sometimes faulty. 
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To deal with the details of workmanship thoroughly would need a lengthy 
paper. It is therefore only possible to deal with the more common faults in 
a somewhat cursory manner. 

Gear makers who have gained a reputation for high-quality high-speed 
gears have discovered that a relatively high degree of precision is necessary 
in the manufacture of all elements of gears and their attachments. Quality 
of workmanship and material in this case covers more than general precision 
in manufacture, for the degree of finish or polish on the tooth surface must 
be of the same kind as that obtained in the manufacture of precision ball and 
roller bearings. 

It is not sufficient to take what is termed a “ clock indicator ” of an ordinary 
kind and rely on it for indicating inaccuracies. Instruments of the highest 
degree of precision must be obtained and used skillfully. It is not satisfac- 
tory to check the alignment or level of shafts by the kind of instrument found 
in the average machinist’s kit. It is desirable to use precision levels indicating 
to 0.0002 inch per foot. Dial gauges which will actually indicate 0.0001 inch 
must be used. It is not sufficient merely to buy a ten-thousandths dial to 
gauge from a reputable maker. Such a gauge must be carefully used and 
checked from time to time to make sure that it is really sensitive. The use of 
line bars for checking parallelism of axes or correct angularity of axes, when 
gears operating on nonparallel axes are being dealt with, must be very 
accurate. 

Gear-cutting machines of the highest grade, and cutting tools accurate to 
within very close limits are necessary. To insure uniformly good results, 
nothing can be left to chance in the matter of workmanship. Every element 
must be checked thoroughly, and to do so usually entails checking everything 
by three separate and reliable methods. Gear teeth must, of course, be cut 
concentric to the axis on which the gear will run, and the pitch must be 
accurate. Preferably, the largest inaccuracy in pitch should not be more than 
ten seconds of arc. The tooth contours need to be precise. Careful observa- 
tions indicate that an error of 0.0001 inch is, in some cases, too much. Gears 
having helical teeth seem to be essential and it is nearly as important that the 
helixes be as accurate as the tooth contours, and it must be especially noted 
that they must be accurate in relation to the axis on which the gear will 
actually operate. It is equally important that the tooth surfaces be smooth. 

The foregoing requirements, when carefully considered, will soon con- 
vince the experienced technician that the only way to fulfill them is by a 
final lapping operation. This seems essential whether the gears are hardened 
or not, and it is also essential whether or not the gears are ground. Accord- 
ing to the present state of the art it seems that the grinding of gears, while 
helpful and in some cases even desirable, does not provide the necessary high 
degree of precision. A final lapping process seems to be necessary. The 
lapping of gears is at present an art and will probably remain so to some 
extent. While it seems practicable to polish, by means of an abrasive wheel, 
a cylindrical, conical, or flat surface, it does not yet seem possible to finsh 
with the requisite degree of precision a helicoidal surface by any method other 
than lapping. 

The foregoing remarks are made having in mind very high-speed gearing 
which has to carry relatively heavy loads for its size. Lower-speed gearing 
will run silently in a practical sense when not made quite so precisely, but, 
nevertheless, a relatively high degree of precision is desirable for all gearing, 
even that operating at the lowest speeds. 


MOUNTING OF GEARS. 


The utmost precision in the manufacture of the gears themselves can be 
nullified by inaccurate mounting. The relative positions of the shafts need to 
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be as exact as the gearing itself. It is obviously useless to make a pair of 
gears to operate on exactly parallel shafts and then to mount the shafts out 
of parallel. It is equally futile to expect a pair of gears to operate on shafts, 
the axes of which should cross at an exact right angle, which are set at some 
other angle. Similarly, gears which are made to operate on shafts whose 
axes intersect, cannot operate properly when mounted on shafts the axes of 
which are offset. 

Although the manufacture of practically silent gearing is somewhat exact- 
ing, it is not quite as difficult as it is sometimes believed to be. Intelligent, 
painstaking effort will bring surprisingly good results. Careless, slipshod 
work and merely trusting to luck will result in nothing but grief and trouble. 
Halfway measures will usually result in about one good gear out of six, the 
remainder being indifferent or poor. The utilization of the best present-day 
equipment and methods will result in about 80 per cent excellence, 15 per 
cent moderate results, and the remainder just passable. 


LUBRICATION. 


No gear will run silently under load unless it is reasonably well lubricated. 
The question of lubrication in reference to design has already been dealt with. 
It is only necessary to add that clean lubricants in a clean housing are neces- 
sary. It is obvious that precision gearing will not operate properly if there 
is grit between the teeth. It is further obvious that if a lubricant which is too 
thick is used, the gears will “track,” and the lubricant will not be properly 
spread over the teeth. If a very thin lubricant is used, or if a relatively thick 
lubricant is overheated, the lubricating qualities will not be satisfactory. 


OVERLOADS, 


Those who have had experience in testing gears for silence are well aware 
that any particular pair of gears may run silently at certain loads and become 
noisy at other loads. Some gears will run perfectly silently at no load but 
will make a noise when carrying only 10 per cent of the designed load. Others 
for example, will run silently at 50 per cent of the load and noisily at 100 per 
cent of the load. Some will run silently at full load and may be noisy at 50 
per cent overload. Others will run silently at any load which does not result 
in damage to the tooth surface or to the shafts and bearings. It is therefore 
desirable when investigating a noise complaint to make sure that the gear is 
not overloaded, or that it has not been overloaded and damaged thereby. 


GEAR SPEEDS 


All the remarks hitherto made in this paper are intended to apply to all 
kinds of gears at all practical speeds. It is the present-day custom to talk 
loosely of low-speed gears, medium-speed gears, and high-speed gears, also 
to refer to industrial gears, turbine gears, street-car gears, and automobible 
gears. While speed undoubtedly makes a difference in the noise of gears, 
really precise gears, properly designed, will run quietly at full load up to very 
high velocities. There are many sets running satisfactorily up to 12,000 
fpm and there seems no good reason for not running such gears up to 
18,000 fpm. 

It is the author’s opinion that gear makers who are troubled with noise 
will overcome it only when they have decided to pay the price in terms of 
capital expenditure and intelligently directed effort. It is barely necessary to 
add that unless they are philanthropists they will have to get their customers 
to pay the equivalent price in currency. 
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SIXTY YEARS AGO. 


An editorial item from “The Engineer,” London, England, July 17, 1936, 
which is historically interesting in offering a viewpoint on the subject of 
safety to personnel in the use of constantly rising steam temperatures and 
pressures in marine installations. 


A naval disaster, as mysterious as it was harrowing, was recorded in our 
issue of July 21st, 1876. H.M.S. Thunderer, a two-turreted vessel of 9190 
tons displacement, was laid down at Pembroke in 1869 to the designs of Mr. 
E. J. Reed. Her propelling machinery consisted of twin screws driven by 
engines of 5600 indicated horsepower. Her boilers, eight in number, were 
of the ordinary low-pressure type, the safety valves being loaded to 30 pounds 
per square inch. The engines and boilers were supplied by Humphrys and 
Tennant of Deptford. The ship was launched in March 1872 and was brought 
round to Portsmouth but over four years elapsed before she was ready for 
her contractors’ trials. On July 12, 1876, these trials were to have been be- 
gun but a leaky feed pipe led to their being postponed for a couple of days. 
On Friday, July 14th, she had just got under weigh to proceed to the Stokes 
Bay measured mile when an explosion occurred below decks. The noise, it 
was stated, resembled the report of a 35-ton gun. Steam pouring up from the 
engine and boiler-room hatchways left those on deck with little doubt as to 
what had occurred. Mr. Weeks, one of the ship’s engineers, courageously 
went below through the steam into the engine-room and stopped the engines. 
Signals of distress were made and the ship was towed back to Portsmouth. 
With great difficulty the dead, the dying and the injured were brought up 
from below. Fifteen men had been killed on the spot and sixty-three injured 
of whom twenty-four subsequently died. Examination showed that the star- 
board foremost boiler had exploded with great violence. Rivets had been 
sheared, one of the plates had been rent across and the safety valve box had 
been torn from its seating. It may amaze us of the present generation that 
sixty years ago a boiler constructed for one of her Majesty’s ships by a lead- 
ing firm of engineers and carrying only 30 pounds pressure should blow up in 
this manner. It is only fair to say that it quite evidently amazed and caused 
disquiet among the engineers of the day. There was no question of the boiler 
being defective in construction. That fact was soon established by testing the 
other boilers to twice the working pressure without distressing them. From 
the mass of evidence, assertion and theory it became clear that at the time of 
the explosion and for some time before it the stop valve of the boiler had been 
closed unknown to those in charge who fully thought that it was sharing the 
supply to the engines with the other boilers. It became clear too that the 
pressure gauge needle had run round the dial and passed the stop until the 
pinion had come out of engagement with the rack. Its behavior had not been 
noticed and when it was observed that the pressure indicated was not the 
same as that in the other boilers it was concluded that the gauge was defec- 
tive. These facts seemed clear but why did the safety valves not act? There 
were two dead weight safety valves entirely independent of each other al- 
though they were mounted within the same box. Why did the valves stick 
on their seats and above all, why did both valves stick simultaneously? The 
question was never answered satisfactorily in spite of prolonged discussion 
and research. One theory was that the brass bush forming the valve seat in 
the cast iron box contracted by a process of “creep” (sic) each time the 
temperature rose and did not recover when the temperature fell. Another was 
that the valves expanded in a similar manner until they bound themselves 
within their seatings. One fact seemed completely to discount both these 
theories; the valves of all the other boilers were found to work perfectly 
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freely, except one. It was found that the valve which stuck had been assem- 
bled for the test on other than its own seating. Was it possible, we asked, 
that this incident provided a clue to the mystery? Three years before the ex- 
plosion the valve boxes had been opened and the valves removed for meas- 
urement. Had the valves been transposed in such a way that the boiler which 
exploded had been left with two valves so near a perfect fit when cold that 
when heated they bound themselves within their seatings? 


THE CLOSED FEED SYSTEM OF THE CUNARD 
LINER QUEEN MARY 


An extract from an article on the engineering plant of the Queen Mary, 
published in “ Engineering,” London, England, May 29, 1936. The arrange- 
ment of the British Weir closed feed system is of interest for comparison 
with the American development used as the basis of discussion of the closed 
feed system in an article in this number of the JouRNAL. 


The principles of the closed circuit feed system are probably familiar to a 
majority of steam engineers, as the system has been extensively adopted in 
recent large liners, especially those with water-tube boilers, in which purity of 
the feed water is a first essential to a uniform high efficiency. It will be as 
well, however, to outline the main purposes and features before proceeding to 
describe its application to: the Queen Mary. The objects are two-fold. The 
first is, to minimize internal corrosion of the boilers by thorough de-aeration 
of the feed water; and the second, to promote the improvement of overall 
thermal efficiency by maintaining a high feed temperature and recovering 
as much as possible of the heat which would otherwise go to waste. 

To eliminate corrosion due to the presence of air in the feed water, it is 
not only necessary to remove the air released in the condenser, but also to 
insure that no opportunity occurs for the condensate to become re-aerated 
during its subsequent passage from the condenser back to the boilers; and, 
to achieve the desired high thermal efficiency, it is not only requisite to de- 
liver the feed to the boilers at a temperature as nearly as possible that cor- 
responding to the working pressure, but to extract the maximum possible 
amount of the lower-grade heat represented by the drains from auxiliaries as 
well as from the turbines themselves. The two requirements can only be 
reconciled by subjecting the whole of the feed water, drains, and make-up 
feed to the de-aerating action of the condenser, and, by maintaining a com- 
pletely closed circuit, avoiding any contact of the water with atmospheric 
air. 

‘With condensers of ordinary type there is always a small but continuous 
ingress of air, which is absorbed by the condensate, and if reciprocating air 
pumps are used this cannot be completely extracted. With a Tegenerative 
condenser, however, in which the temperature of the condensate is practically 
that of the incoming exhaust steam, an oxygen content as low as 0.02 c.c. 
per liter can be maintained indefinitely, and zero oxygen is not unknown. 
For adequate de-aeration, therefore, the regenerative condenser is an essen- 
tial part of a closed circuit feed system, apart from the thermal advantage 
it confers by delivering the condensate at a higher temperature than is pos- 
sible with the ordinary design. 

As mentioned in the description of the condensers, these are of the well- 
base type, with a wide central steam lane by which a flow of steam at the 
full exhaust temperature is led to the bottom of the condenser to avoid cool- 
ing of the condensate. It is stated that the temperature of the condensate in 
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the wells is guaranteed under all variations in duty to be within 2 degrees F. 
of that corresponding to the vacuum, measured at the turbine exhaust flange. 
The wells are of sufficient capacity to allow for normal fluctuations in the 
flow of feed water, and each contains an automatic float-operated controller. 
If the level falls, owing to a sudden increase in the demand by the feed 
pumps, the controller allows additional water to be drawn from the feed 
tank; and as this make-up supply enters the circuit by way of the condenser, 
it is immediately de-aerated. If the demand slackens, causing the water level 
to rise in the well, the controller allows the extraction pumps to withdraw the 
excess and discharge it to the feed tank through overflow valves. Both op- 
erations are entirely automatic, no hand regulation being necessary. 

The condensate is extracted by electrically-driven two-stage centrifugal 
pumps of the vertical-spindle type, a design which enables the fullest advan- 
tage to be taken of the static head available below the condenser. Thence it 
circulates first around the tubes of the coolers which are incorporated with 
the steam-jet air ejectors employed to evacuate the condenser, and from them 
passes to a drain cooler, in which its temperature is raised by an exchange of 
heat from the combined drains of a low-pressure feed heater, forming the 
next stage in the system. At this point the condensate has reached a tem- 
perature of approximately 115 degrees F., which is raised in the lower-pres- 
sure heaters to 205 degrees F. 

The two-stage centrifugal main feed pumps, which are driven by steam 
turbines, draw the feed water from the low-pressure heaters and discharge 
through high-pressure filters to the intermediate and high-pressure heaters, 
and so to the feed regulators on the boilers. The operation of the pumps is 
controlled by pressure-actuated governors connected to the turbine throttle 
valves. The temperature rise in the intermediate-pressure heater is from 205 
degrees to 320 degrees F., and in the high-pressure heater, to 370 degrees F. 

The air is extracted from the condenser by steam-jet air ejectors, as pre- 
viously explained, the suctions being attached to facings on the condenser 
shell, in a line immediately below the top of the sloping baffle plate. They 
operate with steam at 650 degrees F., and the mixture of this steam with 
the extracted air, passing through the tubes of the ejector coolers, forms the 
heating medium for the condensate circulating outside the tubes. 

In the low-pressure feed heaters the necessary supply of heat is received 
from a number of sources. Part comes from the evaporators, and a further 
portion from the exhaust steam of the turbo-feed pumps, together with the 
combined drains of one of the intermediate-pressure heaters and the evapo- 
rator coil drains; but, in addition to these, each takes bled steam from the 
second intermediate-pressure turbines. 

For each of the intermediate-pressure heaters, steam is bled from the inlet 
of the first intermediate-pressure turbine; and this is supplemented by the 
heat in the drain from one high-pressure heater. The heat input to the high- 
pressure heaters is necessarily derived solely from bled steam, which is taken 
from the first stage of the high-pressure turbines. 

The arrangement of the closed feed circuits is such that each engine room 
will normally form a complete system, but a further sub-division is possible, 
and if desired, each engine can be operated as a separate unit. The necessary 
storage capacity for make-up purposes is provided by a hotwell tank contain- 
ing about 28 tons, in the forward engine room, and two smaller tanks of 
about 14 tons capacity each, placed in the after engine room. In addition, an 
emergency supply to the main feed system is carried in two large tanks, 
each containing about 50 tons, situated on E deck and connected to the en- 
gine-room hotwell tanks. Emergency pumping arrangements comprise a 
direct-acting assistant feed pump in each engine room, similar to those in 
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Nos. 3 and 4 boiler rooms, to which reference has been made in connection 
with the boiler plant. 

The four turbo-generators in the after generator room, which are self-con- 
tained sets, each with its own condenser, are supplied with steam from the 
main superheated lines for the main engines, and their condensers similarly 
form part of the main feed system. The three hotel generators in the forward 
turbo-generator room, however, form a separate installation in this respect, 
having their own auxiliary condenser. Another auxiliary condenser is placed 
in the after main engine room. Both of these condensers deal with drains 
from the ship’s ventilation system, galleys, pantries, &c., the condensate being 
discharged to the auxiliary hotwell tank in the forward turbo-generator room. 


REBUILDING THE NAVY. 


An editorial from “ The Engineer,” London, England, July 17, 1936, which 
comments in an interesting manner on some of the reasons which motivate 
the use of particular types in the rapidly expanding British naval program. 


Supplementary estimates representing a total of £19,652,700 were issued on 
Thursday last, July 9th, for the three defense services. Of this sum, the 
Navy takes £1,059,000, the Army £6,600,000, and the Air Services £11,700,000, 
while £293,700 is earmarked for the Royal Ordnance Factories. It will be 
recalled that the original Navy estimates for the current year, introduced on 
March 4th, amounted to £69,930,000, but that no provision was made for new 
construction. The building program for 1936 it was announced on April 30th, 
was to be financed by a Supplementary Estimate for £10,300,000. Provision 
was made for beginning two battleships, the keels of which are to be laid 
next January, on the termination of the London Naval Treaty, together with 
five cruisers, nine destroyers of the Tribal class, one aircraft carrier, four 
submarines, six sloops, and some miscellaneous craft. This program was 
criticized at the time on the score of its inadequacy, particularly in regard 
to destroyers; but, as is now evident, the Government had not then com- 
pleted its stocktaking of the national resources for shipbuilding and naval 
armaments production, and was therefore reluctant to embark on a larger 
program which might have unduly taxed those resources. Fortunately, the 
shipyards and armament establishments have proved capable of undertaking 
heavier commitments than those originally contemplated, with the result 
that the building program for 1936 has been substantially enlarged. The ad- 
ditional ships covered by last week’s Supplementary Estimate are two cruis- 
ers (about 5000 tons each), one leader and eight destroyers, one aircraft car- 
rier, and four submarines. The total cost of these additional ships is esti-- 
mated to be £11,015,000, but only £150,000 of this sum is to be spent in the 
current financial year. Clearly, therefore, little progress can be made with 
the construction of the extra tonnage before the spring of 1937. Unless the 
“token vote” is largely increased by yet another Supplementary Estimate, it 
is difficult to see how over-lapping, both in regard to the placing of con- 
tracts and the actual progress of work can be avoided towards the end of the 
present financial year. 

The First Lord of the Admiralty states in his explanatory memorandum 
that it has been found possible to accelerate certain ships of the existing 
program and to make earlier provision for some material at an estimated 
cost of £759,000. Unofficially, but on good authority, we learn that the 9000- 
ton cruisers now building will probably be completed six months in advance 
of the original contract dates, and that destroyer and submarine construction 
is to be proportionately speeded-up. Further, to obviate delay in starting the 
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two battleships next January, and to insure the rapid progress of work on 
both, the sum to be spent on each ship has been increased from £202,900 to 
£403,360. Thanks to the additional vessels announced last week, the building 
program for 1936 has assumed really imposing proportions and now com- 
prises the following units: Two battleships, seven cruisers, two aircraft car- 
riers, eighteen destroyers, and eight submarines, a total of thirty-seven ves- 
sels, not counting sloops and smaller craft. While it is too early to analyze 
this program in any detail, some interesting facts about the new ships have 
been semi-officially disclosed. The battleships will be of approximately the 
same displacement as the Rodney and Nelson; that is, between 33,000 and 
34,000 tons, and are to be armed with 14-inch guns. This caliber has been 
adopted in view of the fact that all the capital ships now building on the Con- 
tinent are to carry guns of 13-inch caliber or less. The new American battle- 
ships, it is true, are to mount 16-inch guns, but there will be general approval 
of the British Government’s policy of omitting the United States Navy from 
calculations of relative strength, whether expressed in terms of numbers of 
ships, individual tonnage, or gun caliber. From the technical point of view 
the decision to restrict the armament of our new battleships to 14-inch guns 
is equally to be welcomed. It means that the margin of weight available for 
protection will be appreciably greater than would be the case were the 16-inch 
gun retained, and no student of modern naval tactics will question the im- 
portance of endowing the capital ship with robust protection against gun-fire, 
and against overhead and underwater attack. It will be surprising if the de- 
velopment of air power does not lead to radical changes in the design of the 
capital ship as we know her today, though it is to be doubted that the men- 
ace of the aircraft bomb will effect in naval architecture a revolution so far- 
reaching as that produced by the advent of the rifled shell gun nearly eighty 
years ago, which in the course of a single decade transformed the capital 
ship from a wooden-walled three-decker into a mastless ironclad turret ship. 
We confidently anticipate that our new battleships will be considerably faster 
than the 25-knot Queen Elizabeths, hitherto the fastest battleships built in 
this country. Judging from contemporary foreign construction, high speed is 
more than ever in favor, and all the capital units now building in France, 
Italy and Germany are designed for not less than 29 knots. The former line 
of demarcation between battleship and battle-cruiser is already fading, and 
may be expected to disappear entirely within the near future * * * Turning to 
cruisers, five of the seven ships of this year’s program are to be compara- 
tively small vessels of 5000 tons, similar to the Arethusa class, while the re- 
maining two will be sisters to the Southampton, of 9000 tons. In contrast to 
the average type of cruiser now under construction for foreign navies, the 
Arethusa, with her armament of six 6-inch guns, is not impressive. On the 
other hand, the type is undoubtedly well adapted to convoy work and gen- 
eral service with the battle fleet and has the additional advantage of being 
relatively cheap. Nevertheless, we should prefer an intermediate cruiser of, 
say, 6500 tons, capable of mounting eight 6-inch guns, because such a design 
would tend to preserve a more equitable balance of individual fighting power 
between British and foreign cruisers. The most satisfactory feature of the 
cruiser program is the evidence it affords of the Government’s intention to 
fulfill its pledge to raise our cruiser strength to seventy ships with the mini- 
mum of delay. The additional destroyers are badly needed, for one of the 
most disturbing features of the naval situation today is our deficiency in mod- 
ern destroyers. Whether or not the destroyer is the natural antidote to the 
submarine, naval authorities are agreed that our strength in the former type 
must be largely determined by the size of Continental submarine flotillas, all 
of which have undergone phenomenal expansion in recent years. Altogether, 
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thirty-four destroyers have been authorized under the 1935-36 program, and 
sixteen of these belong to the very powerful Tribal class of 1850 tons. It is 
to be hoped that not less than sixteen destroyers will be voted in each subse- 
quent year, until the whole of our over-age tonnage now in service has been 
replaced and the destroyer establishment consists in the main of up-to-date 
craft in the minimum ratio of two units to each submarine possessed by the 
strongest Continental power * * * It is generally understood that the recent 
critical situation in the Mediterranean has confirmed the Admiralty in its 
opinion of the marked utility of the aircraft carrier, both as a floating base 
for aircraft serving with the fleet and as a means of rapidly projecting air 
power into regions where danger threatens. Hence the inclusion of two such 
vessels in this year’s program. Both ships will be much smaller than the 
Ark Royal, of 22,000 tons, now building, for apart from the question of cost, 
naval opinion is swinging steadily away from the huge carrier because of its 
extreme vulnerability to every form of attack and its dangerous concentration 
of many eggs in one basket. Little needs to be said about the addition of 
four submarines to the 1936 program, making eight in all. Despite its sinister 
reputation, the submarine is a perfectly legitimate instrument of warfare, and 
one that is just as useful to the British Navy as to any other. In the Great 
War British submarines were able to perform invaluable service without in- 
fringing in a single instance the rules of international law. It is therefore all 
to the good that the Navy should be provided with ample submarine strength. 

As we have indicated above, the new naval program has perforce been 
conditioned by the country’s manufacturing resources and equally by the 
necessity of not interfering with the concurrent development of the other de- 
fense services, both of which, but particularly the Royal Air Force, are now 
making heavy demands on the industrial machine. Taking these circum- 
stances into consideration, the naval program must, in our opinion, be deemed 
satisfactory. It would, however, be a grave mistake to assume that its com- 
pletion will restore the Navy to the minimum standard of strength consist- 
ent with security, or indeed, that the new construction now in hand and au- 
thorized represents more than one stage in the long and costly process of 
rebuilding our neglected defenses. 


THE GERMAN BATTLE-CRUISERS. 


An article by G. H. Hoffman, Member, Institute N.A., published in the 
“Shipbuilder and Marine Engine-builder,” London, England, July, 1936, 
which estimates the probable characteristics of these interesting new vessels 
from a study of the meager information on them already announced 


With all the greatest sea powers planning capital-ship construction, much 
interest naturally attaches to the vessels of this class already being built; and 
among these, the German battle-cruisers, successors to the famous “ pocket ” 
battleships, are not the least important. These vessels, it may be noted, em- 
body in their design a return to a smaller size than the 35,000-ton standard 
laid down by the Washington Treaty, as advocated by the British naval au- 
thorities for a number of years. In the following notes, the information avail- 
able concerning the German battle-cruisers will be analyzed 


PUBLISHED DATA. 


In contrast to the data published regarding the ‘pocket ” battleships, the 
information concerning the new battle-cruisers is extremely meager. They 
are stated to have nine 11-inch and twelve 5.9-inch guns on a displacement of 
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26,000 tons.* No official statement as to the designed speed is available at 
the time of writing, although reports in the newspapers credit them with 32 
knots, and further state that the time occupied in building should not exceed 
two years. 

The latter statement affords an important clue as to the choice of arma- 
ment and the hull dimensions to be expected; for with such a short period for 
construction available, existing designs will have to be utilized to the fullest 
possible extent. The fact that the only existing heavy-gun turrets of modern 
German design are the 11-inch triple turrets of the “ pocket” battleships may 
well have decided their adoption again in the new vessels, although pre-war 
naval opinion in Germany contemplated 14-inch guns for battle-cruisers—a 
caliber certainly much better adapted to deal with the 12-inch and 14-inch 
armor belts of present-day capital ships. 

Again, the most probable mounting for the twelve 5.9-inch guns would 
seem to be a repeat of the triple turrets already in service in the German 
6000-ton light cruisers. Thus the new battle-cruisers would fall into line with 
the present-day practice of installing secondary batteries in turrets, but would 
depart from the use of the casemate armor, which represented valuable addi- 
tional topside protection in the former German battleships and battle-cruisers. 

As to dimensions, it should be remembered that Germany has already had 
26,000-ton battle-cruisers, i.e., the vessels of the Derfflinger class, one of 
which—the Liitzow—was lost in the Battle of Jutland. A statement concern- 
ing the principal weight groups of this class is given in “ Johows Hilfsbuch 
fiir den Schiffbau,” 5th Edition, together with the principal dimensions, trial 
data, speed, etc., and these data have been used for the purpose of the pres- 
ent forecast. 


SPEED, 


The trial-speed figures of the Derfflinger as given in the columns of “ Jo- 
how,” appear poor, the vessel having reached only 26.67 knots with 95,777 
S.H.P., as compared with the 28.40 knots with 85,782 S.H.P. of her pre- 
decessor, the Goeben. The 4000-ton difference in trial displacement ought to 
have been more than counterbalanced by the later ship’s finer form. 


Taylor’s variable a3 was as high as 100 for the Goeben, but did 
(res) 
not exceed 80.7 for the Derfflinger. It is stated, however, that the last-named 
ship, owing to war-time exigencies (she ran trials in 1915 or thereabouts), 
could not reach sufficiently deep water, but had to carry out her steaming 
trials on the shallow Eckernforde measured mile near Kiel. 

This explanation seems plausible, and was checked by the author using the 
comparative resistance calculation explained in his article published in “ The 
Shipbuilder and Marine Engine-builder” in May, 1930+ Residuary resist- 
ance was taken from Taylor’s standard series, frictional resistance from 
Kempf’s formula and appendage resistance from Dyson’s chart. The overall 
propulsive efficiency of the Goeben worked out at .6— a reasonable value for 
good propellers and a hull efficiency of about unity. The astonishingly low 
propulsive efficiencies obtained for large and fast ships using Froude’s for- 
mulae and naked-hull E.H.P. figures show the method not to be applicable. 


* The weights given throughout this article are metric tons. 
¢ No. 239, Vol. XXXVII., p. 491. 
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E.H.P. curves for the Derfflinger, shown in Figure 1, were computed in 
the same manner as adopted in the case of the Goeben (loc. cit.), using 26,000 
tons standard displacement, 27,331 tons trial displacement, and 30,831 tons 
full-load displacement. With the Goeben’s propulsive efficiency, the Derff- 
linger should have been capable of 29.5 knots in deep water, or one knot 
more than the more beamy Goeben. With an S.H.P. of 150,000, the Derff- 
linger at standard displacement, should have reached 32 knots, and with 
the same power at full load 31.3 knots. Hence, as 150,000 S.H.P. cannot be 
regarded as excessive for vessels of their size, the rumored speed of 32 
knots of the new battle-cruisers may be correct. 
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Further, a substantial saving in machinery weight may be expected. The 
specific weight of the new machinery need not exceed 45 pounds per S.H.P., 
or 3000 tons in all; whereas the weight of the machinery of the old vessel 


is stated to have aggregated 4152 tons, an overall saving of 1152 tons thus 
resulting. 


29 


| 
| 
| 


442 NOTES. 


ARMAMENT, 


From data published in 1929 and 1930 in the German journal “ Werft-Reed- 
erei-Hafen,” the armament weights of the new battle-cruisers would be as 
given in Table I. 


TABLE I.—ARMAMENT WEIGHTS OF THE NEW BATTLE-CRUISERS (TONS). 


Three ll-in. triple turrets, complete with ammunition, 
ammunition transport and fire control ..................05. 1,839 
Four 5-9-in. triple turrets, complete as above ............ 600 
Anti-aircraft batteries, complete as above ................5. 225 
Torpedo armament, two quadruple deck tubes ............ 50 
Aircraft armament, four aeroplanes and two catapults ... 50 


In comparison with the armament of the Derfflinger, which aggregated 
2791 tons, we have a saving of 27 tons, which, together with the reduction in 
machinery weight, gives a total saving of 1179 tons in the new battle-cruisers. 
It is important to note that apparently Germany is not deviating from her 
pre-war policy of keeping armament weights relatively low in favor of pro- 
tection. The under-protected Deutschland thus appears to be a Treaty-born 
exception to the rule. 


ARMOR SYSTEM. 


The Derfflinger was launched in June, 1913, and her design may there- 
fore date back as far as 1910. Neither long-range firing nor aerial attack 
had then the importance which is attached to them today. Accordingly, her 
horizontal protection would now seem inadequate, although she had two 
armored decks, the upper being 2-inch and the lower 14-inch thick. The 
upper armored deck formed the top of the casemate for the secondary battery. 

This, however, would be regarded as a somewhat illogical arrangement for 
the heavy armored decks of today, which, as in the case of H.M.S. Nelson, 
may be 6% inches thick. Casemate armor cannot be much heavier than 6 
or 7 inches thick, and below it pre-war design would have called for so- 
called citadel armor of about 9 inches. Only the lowest side armor strake was 
then a full-size belt of 12 to 14 inches thickness, 

Assume now that a heavy deck were fitted at the casemate-top level. The 
side armor could easily be pierced below it, and the value of the deck armor 
would be much depreciated. The logical solution is to fit such an armored 
deck at the top of the heavy side armor (the raft-body system of protection) ; 
and in order to obtain a reasonable armored freeboard, the former citadel 
armor must be increased to main-belt thickness, i.c., an increase in the case of 
the Derfflinger from 9 to 12 inches. At the same time no casemate armor can 
be spared, although the change from the citadel system to the raft-body sys- 
tem leaves the small balance of 99 tons saved in the vertical protection. The 
secondary battery is already assumed to be mounted in turrets, and hence the 
total savings so far amount to 1278 tons. 


BATTERY ARMOR. 


_This was a weak spot in pre-war capital ships, as proved by many turret 
hits, with more or less disastrous consequences. The Derfflinger’s 10%-inch 
turret and barbette armor was pierced more than once in the Battle of Jut- 
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land, and therefore 14-inch thickness has been allowed for in the present esti- 
mate, with 10-inch turret sides and 6-inch roofs for the main-gun stations. 
Barbette armor between the armored and splinter decks has been allowed for 
at 4 inches. The secondary turrets have been assumed to have 6-inch fronts, 
2-inch sides and roofs, and 4-inch barbettes. Turret-armor weights, which 
have not been included in the armament figures, have been estimated with 
the foregoing thicknesses from the outline sketches of existing ships, such as 
the Deutschland and Leipzig, which from time to time have appeared in the 
technical press. Thus an armor weight has been obtained of 1085 tons for 
the heavy turrets and of 182 tons for the lighter ones, totaling 1267 tons. 
Revolving armor in the Derfflinger amounted to 774 tons, which means an 
increase of 493 tons, and the aggregate of the savings is thus decreased to 
785 tons. 

The barbette-armor weight for the Derfflinger is not available and has had 
to be computed from the sketch in “ Evers, Kriegsschiffbau,” page 46. It has 


-been estimated at 893 tons, as against 1189 tons for the heavy turrets and 207 


tons for the lighter turrets of the new battle-cruisers. Hence the aggregate 
saving up to now is reduced to 282 tons. 


ARMOR DECKS. 


Weight for increased horizontal protection can only be obtained from sav- 
ings effected in the hull weight as the result of the progress in warship con- 
struction made during the past 25 years. This gain is bound to be a substan- 
tial one, since that lapse of time has seen the adoption of electric welding and 
light alloys, in the utilization of both of which Germany has already obtained 
wide experience. Taking the Derfflinger hull weight as 8538 tons, the saving 
possible from these sources is estimated to be 1500 tons. The aggregate sav- 
ing is thus 1782 tons, and is used in increasing the deck armor. Assuming a 
deck area equivalent to that of the Derfflinger, the upper and lower-deck 
armor could be increased to a thickness of 3% inches between the athwart- 
ship armored bulkheads; or alternatively, the original 11%4-inch lower deck 
could be made a 2-inch splinter deck and the upper-deck armor made as 
thick as 43% inches. 


gun turrets, 
front 6", rest front sides 10, 
barbette 4° roof 6", barbette 


\(Ma: n armour deck 44 
Splinter deck 2" 


GENERAL ARRANGEMENT OF THE NEW 
GERMAN BATTLE-CRUISERS. 


GENERAL ARRANGEMENT, 


Figure 2 shows the outline general arrangement arrived at for the new 
battle-cruisers. Of the three main-gun stations, one has been assumed for- 
ward and two aft, in keeping with the arrangement adopted in the modern 
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German light cruisers and in a number of the pre-war German battleships 
and battle-cruisers. The four secondary gun turrets are located on the fore- 
castle deck in the wings, but it may be preferred to raise the after ones to 
super-firing positions. 


UNDER-WATER PROTECTION. 


Protection against submarine attack was very well provided for in the 
Derfflinger, and included 1%-inch torpedo bulkheads and protective coal 
bunkers. The latter would have to be replaced by oil bunkers having an in- 
creased structural weight, but the armor weight allowed for the original 
torpedo bulkheads would go a long way towards meeting modern require- 
ments. In the author’s opinion, the increase in the weight of under-water 
protection would not greatly modify the general distribution of armor out- 
lined in the foregoing. 


DISTRIBUTION OF WEIGHTS. 


Table II shows the distribution of the weights in tons in the Derfflinger 
and in the new battle-cruisers respectively. 


TABLE II.—WEIGHTS. 


Derfflinger. Battle-cruisers. 

Year of building ............ eilatleccadesoteuas 1913 1936 
Armour, including light protective 

plating and revolving armour ......... 9,839 12,517 
Machinery 4,152 3,000 
Inventory, outfit and crew ............... 681 681 

Standard displacement ................. 26,000 26,000 


STABILITY, 


Without exception, the alterations suggested in the foregoing would result 
in raising the center of gravity of the new battle-cruisers. On a given beam, 
this would mean a decrease of stability, which is not to be expected in Ger- 
man capital-ship design. German designers have always regarded large meta- 
centric height (up to 10 feet) as an important element of defense. Thus, the 
new vessels will have to be more beamy than their 1913 predecessors. 

Assuming the hull weight to be proportional to the cubic number LBD, 1 
foot of beam would weigh 74 tons. This is about the same weight as that 
of % inch of deck armor over the complete armored deck area, and a few 
feet of extra width would thus not detract from the possibility of having a 
heavy upper armored deck approximately 4 inches thick, as well as a 2-inch 
splinter deck immediately over the vital parts. 
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PRINCIPAL DIMENSIONS. 


Making allowance for the additional beam, the principal dimensions of the 
battle-cruisers are found to be approximately as follow: 


Length on load water-line 213.50 m. (700 feet) 

Breadth over outside of armor belt.................... 30.00 m. ( 98 feet) 

Draught at 27,331 tons displacement.................. 8.30 m. ( 27 feet) 
SUMMARY. 


Allowing for the paucity of the information published, it would appear that 
the new German battle-cruisers should be fast and well-armored vessels of 
their class. The main-gun caliber, however, may seem to be rather light, 
and suggests that for their opponents, the designers may have had in mind 
the French Dunkerque type of battle-cruisers and the old Russian battleships, 
rather than the capital ships of the three leading navies of the world. 


A MISCELLANEA OF ITEMS OF INTEREST TO 
NAVAL ENGINEERS. 


The ZEPPELIN L.Z, 129—HINDENBURG. “The Aeroplane,” Lon- 
don, England, April 29, 1936. 


Doctor Eckener, the great pioneer and big chief of the Zeppelin company, to 
whom Germany owes the pre-eminence of Germany in the design and con- 
struction of airships, has contributed an introduction to the “ Journal of the 
Society of German Engineers” in which appears a series of articles on the 
new airship Hindenburg and all its equipment. Here is a translation: 

The Zeppelin Airship LZ 129 is now out and has, as one might say, proved 
itself. It has its first trial flights behind it, and is in every respect satisfac- 
tory and has shown itself in many ways superior to the Graf Zeppelin. Nat- 
urally it was seen from the first that the much larger ship possessed more 
range, and, relatively, more loading power for cargo, as also it was realized 
from the first that its speed would not considerably, perhaps 3 to 4 meters per 
second (roughly 8 miles per hour) exceed that of the Graf Zeppelin. That 
means quicker and in spite of the larger ship’s size, more economical jour- 
neys. 

Pleasing, and perhaps even surprising, was the comparatively greater quiet 
and stability of the ship when flying, taken as a whole and in its particulars. 
Nowhere is there vibration or flutter, and there is a comfort of travel which 
had, in the guest rooms, an almost amazing effect. Motors and airscrews 
work splendidly evenly. The construction of the stern, where is the greatest 
tension, stands, even at the fastest speed, “like a board” and secures absolute 
strength even in the most squally weather. 

Equally pleasing, and almost above expectation, proved the steering of the 
ship, particularly at slow speeds, which is of decided importance for landing 
maneuvers. In this direction a further very valuable discovery is that the 
braking distance from a speed of 15 per second (33 miles per hour) is sur- 
prisingly short—only some 300 to 350 meters. The effectiveness of the air- 
screws in reverse is therefore satisfactory. 

Form and construction of the ship, with its large stabilizing planes, when 
stressed, has shown itself, at any rate in still weather, as most fortunate. 
Whether in exceptionally squally weather, greater instability of the ship and 
with it an unexpected demand on the stabilizing planes, should show itself, is 
yet to be seen, but is not probable. 
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The Diesel motors have yet to prove themselves in duration on long jour- 
neys. But they have been tested so thoroughly on the test-bed that disap- 
pointments are hardly to be feared. 

The new ship with its technical arrangements and the laying out and dec- 
oration of the guest rooms is described in detail in this volume. Altogether 
one might say that this airship—in the first place conceived and built for 
passenger traffic over long distances of sea, surpasses anything existing at 
present in respect of safety and comfort. And that is the way in which to 
make something between the very fast aeroplanes and the very comfortable 
liners. Every kind has its own advantages and will find or keep its followers. 

The Airship LZ 129 will, for the rest, follow the objects of the Graf Zep- 
pelin, which was intended for a research ship for journeys overseas, and 
proved itself. Whether the inauguration of an according-to-time table and 
punctual airship service across the North Atlantic to the U. S. A. in a sim- 
Lvl way as to the proved service to Brazil can be organized, depends on ver- 
ification. 

The Graf Zeppelin is hardly suitable for this object; it lacks the necessary 
lift for reserve supplies of fuel and stores, in order to withstand the very 
variable weather conditions on the journey over the North Atlantic Ocean. 
Also its speed is not enough for such a service. 

The much more efficient airship LZ 129 should manage this comfortably, 
even if particularly bad weather should cause unwished-for delay over the 
normal flying time. One must make the proof from the example. A series 
of regular journeys to North America are arranged. It will depend on this 
experience whether this highly important traffic route can be included in the 
time-table of the “ Deutsche Zeppelin-Reederei.” We approach the work with 
great confidence. 

(Signed) D. H. Eckener, 


The new ship has a maximum capacity of 200,000 cubic meters (7,062,800 
cubic feet) or nearly twice that of the Graf Zeppelin. The length over-all is 
245 meters (803 feet) ; the greatest diameter is 41.2 meters (135 feet) ; the 
ratio of length to diameter is 6; the over-all height on landing wheels is 44.7 
meters (146.5 feet) ; over-all breadth over. airscrews is 46.8 (153.5 feet) ; the 
normal gas capacity is 190,000 cubic meters (6,709,660 cubic feet). 

For the first time in a Zeppelin ship the passenger accommodation is in 
the body of the hull, instead of being in an extension behind the control car. 
The Zeppelin company thus adopts the lay-out which was used in our own 
airships the R-roo and R-zo1, and the American Goodyear Akron and Macon. 
This arrangement provides the control-car with a greatly improved view to- 
wards the stern and gives the passengers much greater floor space. 

The structure of the hull follows the lines which have been used in Zep- 
pelins for over 35 years. There is a braced structure of light metal girders 
divided into sections by tension rings and in each section is a gas cell. 

There are fifteen main rings, all wire-braced radially to the central walk- 
way. There are two unbraced auxiliary rings between each pair of tension 
rings. 

Underneath the whole runs a gangway for communication and as in the 
Graf Zeppelin, a central passage-way runs from the bow to the stern through 
the middle of the ship. Access to this is provided by three ladder-ways. 

The outside of the ship is covered with a heavily doped cotton or linen 
fabric stretched over the 36 longitudinal girders. Aluminum dust mixed in 
the dope helps to reflect the heat away from the hull. The gas cells are not 
made of gold-beaters’ skin, but a specially prepared “ filmstoff ” is used, which 
consists of a single thickness of film between two layers of material. Its rate 
of permeability to gas is not more than 1 liter per square meter in 24 hours. 
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Power for the ship is provided by four Diesel motors by Daimler-Benz. 
Each cruises at between 800 and 900 horsepower and has a maximum capac- 
ity of 1200 horsepower and a reduction gearing of 2 to 1. The axes of the 
motors are inclined at 4 degrees to the axis of the hull so that the slipstreams 
blow clear. The airscrews have a diameter of 6 meters (19.7 feet) and 
therefore the gondels have to be hung a considerable way out from the side 
of the ship. Each motor is looked after by a mechanic on duty in the gon- 
del. The motors are started with compressed air. 


SMOOTHING OUT WAVES OF THE SEA. “ Shipbuilding & Ship- 
ping Record,” London, England, May 14, 1936. 


That waves can be stopped from breaking and the sea calmed is claimed 
for an apparatus invented by the Soviet Institute of Water Transport, states 
a Reuter message from Moscow. 

The apparatus applies a system of compressed air released through per- 
forated submerged pipes. 

A series of parallel pipes are submerged to a depth of some 30 feet be- 
neath the surface of the water. Each pipe, 4 inches in diameter, is perforated 
with small holes several inches apart. When a wave passes over the appa- 
ratus, the jets of compressed air released through the perforations are stated 
to reduce its strength considerably. 

With the use of strong “columns” of compressed air it is contended that 
a large wave could be completely levelled. 

Tests with the “ wave breaker” in the harbor of Sebastopol (Black Sea) 
are reported to haye shown that waves 3 or 4 feet in height could be reduced 
in force and height by 40 per cent. The “crests” were entirely smoothed out. 
Experts now foresee the automatic calming of harbor waters in the severest 
weather to facilitate the operations of flying boats, building and other work. 


SHIPS STILL DISAPPEAR. “ Pacific Marine Review,” May, 1936. 


Modern vessels supposedly proof against all ordinary perils of the sea do 
still disappear and leave no trace on the ever-moving face of the vasty deep. 
The latest victim of this type of mysterious passing is the Joseph Medill, 
which vanished from all human contact on her maiden voyage across the 
Atlantic to be delivered at Toronto, Canada. 

Joseph Medill was a motorship, especially designed to carry pulp wood and 
newsprint in the Great Lakes service. During her construction at the New- 
castle-on-Tyne yard of Swan, Hunter and Wigham Richardson, Ltd., she 
had much publicity as being the largest all-welded hull. Of 259 feet length, 
43 feet beam, and 22 feet depth, she had a carrying capacity of 3100 long 
tons and was designed for service speed of 914 miles per hour when pro- 
pelled by twin screws, each driven by a 500 horsepower Diesel engine. 

Leaving Newcastle on August 10 last, she was spoken seven days later 
south of New Foundland, and since that contact, not a trace of her has been 
found, although special search has been diligently prosecuted by coast guard 
cutters, as well as by an auxiliary yacht chartered by the owners. 

Did she strike a submerged iceberg? Was she swamped by some huge 
sea? Did some mutinous member of the crew open up a sea cock? Thou- 
sands of questions arise but there is no answer except that the ship and 
the 12 souls aboard have vanished. 


ry 
e 
is 
e 
h 
is 
1e 
7 
1e 
in 
ir. 
n. 
O- 
p- 
rs 
k- 
on 
he 
gh 
en 
in 
10t 
ich 
ate 
irs. 


448 NOTES. 


COLORING OF STEEL. “ Journal of the Franklin Institute,” June, 1936. 


The coloring of steel by means of films of oxides of iron formed on the 
surface is a subject of frequent inquiry, the well-known temper colors formed 
by heating steel to a temperature several hundred degrees above room tem- 
perature being of especial interest. These colors range from light straw 
color to blue, this being the color most frequently desired. 

This tempering treatment frequently has as its chief object, the securing 
of suitable physical properties. Often, however, coloring is the chief object, 
not only for ornamentation, but for securing some protection against corrosion. 

The prevalent opinion is that the temper colors depend only on the tem- 
perature, blue requiring the highest temperature and yellow the lowest. Ex- 
periments at the Bureau, however, indicate that the color obtained is greatly 
influenced by the length of time the material is maintained at the tempera- 
ture. The relationship between time and temperature is now being investi- 
gated. The time and temperature required also vary with the composition 
of the steel. Temper colors are due to light interference by an oxide film of 
varying thickness. The yellow color is due to interference and extinction 
of light of relatively short wave-length, and blue to extinction of light of 
longer wave-length, a thicker film being required. 


RECOVERING FROZEN CREDITS. “The Marine Journal,’ May 15, 
1936. 


It has finally dawned upon those most directly concerned, that frozen 
credits cannot be recovered from many countries except through acceptance 
of manufactured products which are paid in exchange for indebtedness. The 
Red Star Line recently sold to Germany, is reported to have helped to re- 
trieve some of these “frozen” credits and reports steadily come to light in- 
dicating the growth of this method of barter and exchange. 

The German shipbuilding industry is flourishing just now because of for- 
eign orders. British firms alone have placed orders for 44 ships totaling 
345,254 gross tons, which have been ordered in Germany for the purpose of 
recovering part of Great Britain’s “frozen” credits in that country. Italy 
has built ships for Poland in exchange for coal, and Brazil is bartering coffee 
for ships with Germany, while Denmark is exchanging ships for nitrate with 
Chile. 

As an instance of what this sort of thing means to the domestic economy 
of the countries concerned, it is estimated that the British-German arrange- 
ment has cost English shipbuilders £4,500,000 in orders. Furthermore, there 
are reports that American shipowners operating subsidized services have, 
unsuccessfully so far, tried to obtain the consent of the Administration for 
building ships in Germany through the help of American banks which can- 
not release funds tied up in that country. 


DRY PIPE EXPLODES INSIDE STEAM DRUM. “ Power,” June, 
1936. 


How many engineers have heard of a dry pipe in a boiler exploding? 
This one exploded inside of the boiler drum while the pressure was 410 
pounds per square inch. The typical type of internal collecting pipe was 
used. This unusual accident occurred twice before investigation determined 
the cause. Each time the internal collecting pipe was found opened up. The 
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boiler had been in standby service just previous to each explosion. When 
the explosions occurred, steam pressure jumped from 410 to 450 pounds and 
dropped back to about 410. This pressure fluctuation took place just after 
lighting the fire, and it happened practically instantaneously. 

As the boiler was fired by pulverized coal, it was possible to cause an 
intense heat when forcing the fires. This condition existed particularly when 
starting the boiler from standby service in an emergency. Standby pressure 
was 400 pounds and line pressure was 650 pounds. When an emergency 
called for this boiler, the fires were lighted and forced. 

Cross-sectional area of piping between boiler steam nozzle from the inter- 
nal collecting pipe to superheater is 78.54 square inches. The collecting-pipe 
opening area is a little over 50 square inches. After the boiler had stood idle 
for some time, condensate collected in the superheater. When the burners 
were lighted and forced, this condensate flashed into steam. The stop valve 
at the superheater outlet being closed, the sudden accumulation of steam pres- 
sure backed up into the internal collecting pipe. Since the aggregate area of 
the collecting-pipe openings is about 36.5 per cent less than the cross-sectional 
area of the steam pipe, the former offered a restriction to steam flow, and a 
sudden rise of pressure occurred inside the dry pipe and blew it apart. This 
pipe is usually of light gauge bolted construction, as in this installation, not 
designed to withstand a considerable internal pressure. 


CUNARD WHITE STAR LINER MAJESTIC. “The Engineer,” 
London, England, May 29, 1936. 


The Cunard White Star liner Majestic has been sold to Thos. W. Ward, 
Ltd., for breaking up. She was built and launched at Hamburg just before 
the war and after the Armistice she was completed and passed into British 
hands. Before the construction of the Normandie and Queen Mary, the 
Majestic was the largest steamer in the world. Her gross tonnage is 56,599, 
length 916 feet, breadth 100 feet. She is a quadruple-screw vessel, and was 
designed for a speed of over 24 knots. Included in her power equipment are 
eight steam turbines and forty-eight water-tube boilers. The Majestic accom- 
modated over 3500 passengers. 


GEARED PROPULSION UNIVERSAL IN GERMANY. “The 
British Motor Ship,” London, England, June, 1936. 


Under construction in Germany for German owners at the present time are 
nine cargo ships of 63,000 tons d.w.c. to be propelled by geared Diesel ma- 
chinery. With the direct drive is one vessel of 2000 tons d.w.c., although 
there is a very large tonnage of direct-driven cargo and oil-carrying ships for 
foreign ownership. Details of the orders have been given in this journal 
from time to time, but it is not yet realized by British shipowners and ship- 
builders that in Germany geared Diesel propulsion is being almost exclusively 
adopted for cargo vessels. And in Germany alone. 

Until this recent development, gearing in combination with high-speed 
Diesel engines had been under a cloud for some years. It has never attracted 
the least attention in this country, at any rate so far as practical results 
show. In Holland, a few steamers have been converted to geared Diesel 
drive, but only one among the dozens of Scandinavian owners who are now 
relying wholly on motor ships has employed the gearing system. 
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The significant fact remains that in Germany, the only country having 
extensive experience with gearing in oil-engined vessels, the system is now 
being standardized for new tonnage. We record the fact without, at the 
moment, expressing an opinion, except that it is clear the policy cannot be 
ignored. In Germany there is not that ingrained objection to high-speed 
engines such as exists in this country, and it is also well known that more 
attention has been devoted in Germany than in the United Kingdom to the 
building of large fast-running Diesel motors and suitable gearing. 

Whether the geared Diesel propelling plant has definite commercial ad- 
vantages has yet to be demonstrated. The engine-room is apparently not 
reduced in length, but the height of machinery is less although it is doubtful 
if there is any saving in weight. The fuel consumption is, if anything, higher, 
although efficiencies of the gearing and hydraulic coupling of 95 per cent are 
claimed, but there is possibly a small economy in capital cost, especially if 
considerable numbers of engines are built. The lighter weight of the parts 
to be handled is an asset in operation, and it is notable that all the new 
geared Diesel installations are to be made with two-stroke machinery. 

The subject is, perhaps, one to which a little more attention might be 
devoted outside Germany; it is, therefore, of special interest that the new 
Norwegian American Line transatlantic liner will have geared Diesel ma- 
chinery, and the first large geared Diesel cargo ship for Swedish owners 
was ordered in Sweden last month; in the latter instance hydraulic couplings 
are to be replaced by electrically operated clutches. 


‘THE S.S. NORMANDIE, “ Engineering,” London, England, June 5, 
1936. 


The S.S. Normandie completed her second round trip across the Atlantic 
this season at 1 p. m. on the 1st inst., when she berthed at Le Havre. As is 
generally known, various alterations to the ship were carried out during the 
winter months, and to afford an opportunity of inspecting these and of seeing 
something of her present performance, the French Line invited a party, which 
we had the pleasure of accompanying, to travel on the vessel from South- 
ampton to Havre on the 1st inst. The Normandie has arrived in the Solent 
early in the morning, having covered 677 miles, at an average speed of 29.43 
knots, on the 31st ult. The passage from the Nab lightship to the Whistling 
Buoy at Havre, on the 1st inst., was made in 2 hours 48 minutes, at a speed 
of from 29.5 to 30 knots. Apart from some alterations to the public rooms 
on the boat deck, increasing the amount of covered accommodation, the main 
work carried out on the ship has been the substitution of four-bladed for the 
original three-bladed propellers. The new propellers, which have been manu- 
factured in France, are arranged so that the pair on each side of the vessel 
rotate in the same direction, the upper blades of all the propellers moving 
outwards from the hull. This alteration to the propelling arrangements has 
been entirely successful, and the vibration which originally caused trouble in 
some passenger quarters has been eliminated. The standard of comfort in 
this particular direction which has been achieved is better than that which 
has been accepted with satisfaction for years in many 20-knot ships. 


BOILER INSTALLATION ON THE QUEEN MARY. “ Combus- 
tion,” June, 1936. 


In general, merchant marine practice in steam generation is charged with 
having advanced more slowly than land practice, notwithstanding certain 
recognized limitations imposed upon the power plant afloat. To what extent 
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this has been due to precedent, to over-cautiousness or to a desire to follow 
long established arrangements of hull and machinery is debatable. There is 
ample precedent in land installations to warrant adopting certain practices, 
modified to suit marine conditions. 

Outstanding examples are to be found in the boiler room of the Queen 
Mary, which has twenty-four main water tube boilers of relatively small capa- 
city and in that of the Normandie, which has twenty-six. Compared with a 
lesser number of larger units, it will be apparent that the multiplicity of 
fittings, valves, piping and auxiliary equipment, in addition to the boilers 
themselves, must have greatly increased the initial cost, as well as necessi- 
tating more operating personnel. Greater economy in space and in operation 
would be expected from the larger units. Moreover, each of the Queen 
Mary’s boilers has five forged drums, making one hundred twenty in all, 
and the space required by the numerous uptakes is approximately equivalent 
to that occupied by the boilers. While weight distribution is admittedly a 
factor in marine work, it would seem that structural design in a ship the size 
of the Queen Mary could easily cope with this factor. 

Undoubtedly, many plausible reasons will be advanced in justification of a 
multiplicity of small boiler units but it is difficult for the engineer, accus- 
tomed to what has been accomplished in land practice, to accept them unre- 
servedly, especially in a ship which in other respects embodies all that is 
latest. 


TWO NEW TORPEDO BOATS. “The Engineer,” London, England, 
July 3, 1936. 


The first two motor torpedo boats ordered under the Supplementary Navy 
Estimate of 1935 have recently been commissioned at Portsmouth. They 
form part of an order for six from the British Power Boat Company, of 
Hythe, Southampton, and are generally similar in power plant and hull de- 
sign to the R.A.F. rescue boat, described in a Journal note of June 5th last. 
They may be regarded as the successors of the Thornycroft ‘ C.M.B.’s” used 
successfully at Zeebrugge and Kronstadt during the war, although they have 
been developed independently by the designer, Mr. Scott Paine. The new 
type of vessel is essentially a high-speed motor launch, carrying two torpedo 
tubes on the after deck and machine gun armament. No attempt at protec- 
tive armoring is made, as the vessel’s speed is in excess of 40 knots and, 
coupled with her small size, makes her an exceedingly difficult target to hit, 
and aeroplane bombing is unlikely. The vessel has a crew of eight or ten 
men under one officer. Each costs about £23,000 and its ability to keep at sea 
in rough weather is claimed to be little less than that of a destroyer costing 
about thirteen times as much. It is claimed that in addition to its qualities 
in time of war, this type of vessel enables all ranks to get training in the 
handling of high-speed craft and also in the care and attention of modern 
high-speed petrol engines, which do not generally come within the purview 
of naval engine-room ratings. 


TORSIONMETERS. “Shipbuilding and Shipping Record,’ London, 
England, April 30, 1936. 


Although there are numerous forms of torsionmeter available for meas- 
uring the power transmitted by the propeller shaft of a ship, it is generally 
agreed that all of these suffer from want of extreme accuracy. It is possible 
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that this want of accuracy is due to the inability of the average torsionmeter 
to take account of the actual torsional vibration in the shaft, and hence an 
instrument which is sufficiently sensitive to record such vibration merits 
careful investigation. In a paper read at the recent meetings of the American 
Society of Naval Architects and Marine Engineers, Dr. J. W. Miller, the 
chief superintendent engineer of the Royal Packet Navigation Company, Hol- 
land, described a new form of torsionmeter which, in addition to enabling 
the measurement of shaft horsepower transmitted by a shaft, is also capable 
of recording the fluctuation of torque during each revolution. The instru- 
ment is of the long-base type, and measurements are taken at both ends by 
electrical means, employing two rotating discs, a simple form of stroboscope, 
and neon or other similar tubes, the secondary circuit of a transformer being 
connected with the vacuum tubes in such a way that exposures of 0.00001 
second are obtained without difficulty. It is of interest to note that diagrams 
obtained with this torsionmeter show that the magnitude of torsional vibra- 
tions developed at low critical speeds, greatly exceed the torque at full power. 
The damping effect due to propeller resistance has also been investigated with 
this instrument. 
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CORROSION RESISTANCE OF METALS AND AL- 
LOYS. By Rosert J. McKay Anp Rosert WortTHINGTON. An 
American Chemical Society Monograph published by the Reinhold 
Publishing Corporation, 330 West 42nd St., New York, N. Y., on 
June 15, 1936. 492 pps. Price, $7.00. 


In this volume, the authors, selected by the Board of Editors of 
the American Chemical Society by reason of their technical training 
and research opportunity, have collated and summarized most of 
the known facts on corrosion processes and on corrosion rates. It 
is notable for its thoroughness, an easily comprehended outline of 
attack, and for the extensive bibliography which furnishes the back- 
ground for its development. The first half of the book is given over 
to a general discussion of the various factors which influence cor- 
rosion, while the second part presents an exhaustive study of the 
effects of the factors, alone and in combination, on specific metals 
_and alloy groups. The authors have made a laudable attempt to 
~ avoid the controversies over theory which so frequently befog the 
discussions of corrosion for the practical engineer. By a rational 
assembly of the known facts under such headings as corrosion con- 
ditions, rate factors, .and corrosion properties, they present the 
expectations of the commoner metals and alloys under all usual 
circumstances. The analysis should be extremely useful to the 
practical engineer in selecting metals for specific uses, and to the 
research specialist for its clear presentation of the known and the 
unknown in a broad and important field. 
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